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INTRODUCTION

Transition metals have a greater tendency to form comp-
lexes. The chelated complexes are stable [1] and easy to pro-
duce due to decrease in an entropic effect in the binding energy
[2,3] of molecule. As the position of the donor atom is fixed,
the complexes acquire more stability than the polydentate
ligands of the identical donors. Hence transition metal macro-
cycles are special case of the chelated complexes.

Moreover, the metal complexes find a large variety of appli-
cations in industry and medicine [4]. From classical times,
various metal complexes have been used to treat a number of
diseases like cancer. Platinum complexes such as cisplatin,
carboplatin and oxaliplatin are the examples of the same. Transi-
tion metal complexes have been studied by many researchers
for their antiviral, anticarcinogenic, antifertile, antifungal and
antibacterial properties [5]. Benzofuran complexed with CuCl2,
FeCl3, ZnCl2 and LaCl3 are reported to be antiviral in nature.
Gold containing complexes are used to treat rheumatoid arthritis
[6,7]. Complex containing copper, zinc and lanthanum have
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versatile applications in pharmaceutical field. Nonacetin, a
class of macrocyclic antibiotic, binds with potassium and acts
as a carrier for K+ to transfer it across the lipid bilayers in the
cell membrane.

Besides these applications, macrocycles containing nitrogen
have a strong tendency to form stable complexes with transition
metals. Hence we made this effort to prepare new nitrogen con-
taining macrocycles. Schiff base macrocycles have a great impor-
tance in macrocyclic chemistry. The Schiff bases are obtained
by the condensation of an active carbonyl compound and a
primary amine. These macrocyclic ligands have imine or azo-
methine groups as an important structural part.

In continuation to our previous work, we have extended
the synthesis of new complexes of bivalent metals by condensa-
tion of hexamethylenediamine (the primary amine) and ninhydrin
(the active carbonyl). Two Gram-positive bacteria: Bacillus
subtilis (MTCC 8509), Bacillus stearothermophilus (MTCC
8508) and two Gram-negative bacteria: Escherichia coli
(MTCC 51) and Pseudomonas putida (MTCC 121) were used
to check the efficacy of the synthesized complexes. It is sugges-



ted that the synthesized complexes which are effective anti-
bacterial, act on the ribosomes of the bacterial cell wall just
like the standard streptomycin and chloramphenicol [8].

EXPERIMENTAL

The chemicals are used for the synthesis are all laboratory
grade obtained from the Fischer scientific, Merck and NICE
chemicals. Ninhydrin was of the brand: Pierce Protein Research
Products. For the synthesis of these complexes we tried both
the template and non-template methods. The yield of template
synthesis was found to be more as compared to the non-template
synthesis. The metal finely coordinates and nicely arranges
the ligand fragments in its coordination sphere, thus assists
the linking process of synthesizing the macrocyclic ligand,
which in turn increases the yield. Hence template method is
used for the synthesis of all these metal complexes.

General procedure: A solution of the metal ion (5 mmol)
was made by slowly adding methanol to the corresponding
metallic salt. A hot methanolic solution of 2,2-dihydroxyi-
ndane-1,3-dione (10 mmol) was poured in round bottom flask
and mixed with the metal ion solution (about 50 mL). This
mixture was kept for refluxing for 0.5 h, Hexamethylene-
diamine solution (10 mmol) was then added and the refluxing
was continued for 8-10 h, the time of refluxing depends upon
the type of metal ions used. The resulting reaction mixture
was allowed to concentrate first and then to stand for crysta-
llization in desiccator for 2 days (Scheme-I). The product
formed was filtered followed by washing with methanol and
drying thoroughly.

Detection methods and analytical data: The condensa-
tion of hexamethylenediamine and ninhydrin results in forma-
tion of metal complexes which were coloured, solid non-hygro-
scopic, air stable and insoluble in most of organic solvents
except DMF and DMSO. The purity of the synthesized macro-

cyclic complexes was confirmed by TLC. All the complexes
decomposed above 210 °C to a moist mass and did not show
any sharp melting point. Their conductivity lies in the range
20-25 ohm-1 cm2 mol-1, which indicates non-ionic nature of
the synthesized complexes [9].

The percentage of metal in all complexes was determined
by complexometric titrations by using with eriochorme black-
T, sulphosalicylic acid or mureoxide as external indicators.
The metal complexes do not give precipitate with AgNO3, indi-
cating absence of ionisable chloride. But when disintegrated
using conc. HCl/HNO3, they test positive for chloride ion.

The elemental analysis of C, H and N was recorded at
Elemental Analyzer for CHN (Thermo Scientific) from SAIF,
Panjab University Chandigarh. The analytical data, given in
Table-1, shows the formula for macrocyclic complexes as
[M(C30H24N4O2)Cl2] where M is Fe(II), Co(II), Cu(II), Ni(II)
and Zn(II).

RESULTS AND DISCUSSION

Infrared spectra: The IR spectra of synthesized metal
complexes were recorded on FT-IR spectrophotometer (Perkin
Elmer Spectrum 400) in the range 4000-667 cm-1 by using
KBr pellets at SAIF, CFL, Punjab University, Chandigarh. A
strong band observed at ~ 3300 cm-1 corresponding to N-H
stretching vibrations in the IR spectrum of hexamethylene-
diamine was found to be absent in infrared spectra of the metal
complexes. The origin of new strong band at ~ 1650 cm-1 for
C=N stretching vibration indicates bonding of carbonyl group
of ninhydrin and -NH2 group of hexamethylenediamine, confir-
ming the formation of –C=N– of macrocyclic frame [10,11].
The value of -C=N stretching frequency at 1650 cm-1 suggests
the involvement of nitrogen of azomethine towards metal atom
coordination. Some important spectral bands shown in infrared
spectra of all metal complexes are listed below in Table-1.

O

O

OH

OH
+ NH2[CH2]6NH2    +   MCl2

Methanol

(8-10 h)
[M(C30H24N4O2Cl2)]    +   6H2O

Ninhydrin

Hexamethylenediamine Macrocyclic complex

Scheme-I

TABLE-1 
PHYSICO-CHEMICAL AND SPECTRAL DATA OF TRANSITION BIVALENT COMPLEXES  

Elemental analysis (%): 
Found (Calcd.) 

IR (cm-1) 
Complexes m.w. 

M C H N ν(C=N) ν(C=O) ν(M- N) 

Dq 
(cm-1) 

B' β β % ν2/ν1 

[Co(C30H24N4O2)Cl2] 602 
9.75 
(9.8) 

57.2 
(58) 

3.85 
(3.9) 

9.1 
(9.3) 1625 1710 410 500 367 0.376 37.6 1.526 

[Ni(C30H24N4O2)Cl2] 601 9.71 
(9.8) 

58.1 
(59.9) 

3.87 
(3.9) 

9.12 
(9.3) 

1624 1730 430 570 680 0.654 65.4 1.504 

[Fe(C30H24N4O2)Cl2] 599 9.1 
(9.34) 

58.9 
(60.1) 

3.79 
(4.0) 

9.21 
(9.3) 

1677 1718 466 740 760 0.790 79.0 1.407 

[Cu(C30H24N4O2)Cl2] 606 1.2 
(1.04) 

58.1 
(59.4) 

3.81 
(3.9) 

9.32 
(9.4) 

1684 1713 471 370 – – – 1.231 

[Zn(C30H24N4O2)Cl2] 608 1.01 
(1.07) 

58.0 
(59.2) 

3.82 
(3.9) 

9.0 
(9.2) 

1670 1720 415 – – – – – 
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Mass spectra: The mass spectra was recorded on mass
spectrophotometer using SAIF, CFL, Panjab University, Chandigarh
using LC-MS Spectrometer (Model Q-ToF Micro Waters). The
mass spectra showed the final peaks at 602,601,606,599 and
608 which indicates the peak due to [M]+ ion. The molecular
ion peak [M] + & [M+4]+ obtained in the mass spectra indicates
the presence of two chlorine inside the coordination sphere.
The major peaks are as follows: [Co(C30H24N4O2)Cl2]+ = 602
& 606, [Ni(C30H24N4O2)Cl2]+ = 601 & 605, [Cu(C30H24N4O2)Cl2]+

= 606 & 610, [Fe(C30H24N4O2)Cl2]+ = 599 & 603, [Zn(C30H24N4O2)
Cl2]+ = 608 & 612.

Magnetic measurements and electronic spectra: Elec-
tronic spectra of the complexes were recorded on UV-vis
spectrophotometer (Model Lambda 750 Perkin Elmer) at SAIF,
CFL, Panjab University, Chandigarh. The magnetic measure-
ments of First series of transition metals show an effective
magnetic moment due to spin only moments of electrons.

Iron(II) complexes: The effective magnetic moment of
iron(II) complex was observed at 4.95 B.M. at room tempe-
rature consisting of four unpaired electrons indicating high
spin type complexes [12]. The electronic spectrum showed
a peak at 10,500 cm-1 with a shoulder peak at 8000 cm-1. For
d configuration in ground state 5D term is characterized. The
electronic transition 5T2g → 5Eg transition is expected. These
complexes may have D4h symmetry and distorted octahedral
structure has been proposed [13,14].

Cobalt(II) complexes: The magnetic moment of the
cobalt(II) complex was recorded at room temperature and were
observed at 4.15 B.M. which indicates the presence of three
unpaired electrons and the electronic configuration as 3d7 4s0.
The electronic spectra of the cobalt(II) complexes recorded in
DMSO suggests distorted octahedral geometry of complexes.
These spectra show three absorption peaks at 8,550-9500 cm-1

(ν1), 13,000-14,550 cm-1 (ν2) and 19,000-19,500 cm-1 (ν3),
respectively. This corresponds to D4h symmetry, the various
bands may be due to 4T1g →4T2g (F), (ν1); 4T1g → 4A2g (F),
(ν2); 4T1g → 4T1g (P), (ν3), respectively. Various bands do not
show any regular pattern and are anion independent. Different
ligand field parameters such as Dq, B, β and β % were calcu-
lated for the complexes and have been listed in Table-1. The
value of B is found to be 971 cm-1 for free cobalt(II) ion. The
Nephelauxetic parameter β calculated for the complexes is
0.376. These values suggest the covalent nature of the metal
ligand bond. The values of the ν2/ν1 ratio lie between 1.50-
1.55 and suggest the octahedral structure for these complexes
[15,16].

Nickel(II) complexes: The magnetic moment of the
nickel(II) complex was found to be at 3.25 B.M. It indicates a
high spin configuration and showed the presence of two
unpaired electrons in Ni(II) complex [17,18]. The electronic
spectra of Ni(II) complex taken in DMSO solution show band
at the low energy side in range 10,850-11300 cm-1. The other
two bands observed in the region 15,900-16,100 cm-1 (ν2) and
25,600-27,100 cm-1 (ν3), were designated to 3A2g → 3T1g (F)
(ν2) and 3A2g → 3T1g (P) (ν3), respectively. This corresponds
to D4h symmetry. Different ligand field parameters Dq, B, β
and β % for these complexes are calculated and have been
listed in Table-1. The value of B in case of free nickel(II) ion

is 1040 cm-1. The Nephelauxetic parameter β calculated for
the complexes lies at 0.654. These values depict the covalent
character of the metal ligand bond. The values of the ν2/ν1

ratio at 1.504 suggest the octahedral structure of complexes
[17-19].

Copper(II) complexes: The magnetic moment of
copper(II) complex was found to be at 1.82 B.M. The electronic
spectra of the Cu(II) complex show bands in the range 18,100-
19,700 cm-1 which showed distorted octahedral geometry of
the complexes [15]. The d-orbital energy level sequence for
these complexes may be: x2-y2 > z2 > xy > xz > yz and the
shoulder may be due to: z2 → x2-y2 (2B1g→ 2B2g) and the broad
band showing both xy →x2-y2 (2B1g → 2Eg) and xy, yz → x2-
y2 (2B1g → 2A2g) transition [20]. It suggests that the complex
formed by macrocycles with Cu(II) metal was distorted
octahedral [21].

Zinc(II) complexes: Due to fully filled d-orbitals, zinc
complex is diamagnetic in nature. Zinc complex is consi-dered
to have no d-d transition as the electronic configuration of
Zn2+ ion is 3d10, 4s0. So no electronic spectra are available for
zinc complexes.

Various ligand field parameters calculated in divalent
metal complexes synthesized from hexamethylenediamine and
ninhydrin are listed in Table-1.

Thermogravimetric analyses (TGA): The thermograms
of Fe(II), Co(II), Ni(II), Cu(II) and Zn(II) complexes derived
from hexamethylendiamine and 2,2-dihydroxyindane-1,3-
dione (ninhydrin) were recorded in N2 atmosphere in the
temperature range of 10-500 °C with a heating rate of 10 °C/
min. TGA thermograms for all the complexes showed single
stage of thermal decomposition which runs in the temperature
range of 250-300 °C.

13C NMR studies: 13C NMR spectra were recorded on a
Bruker Advance II 400 NMR spectrophotometer using dimethyl-
sulphoxide as a solvent and TMS as reference. 13C NMR spectra
of the newly synthesized complexes from hexamethylenedi-
amine and ninhydrin show 9 signals for 18 number of carbon
atoms. The 13C NMR spectra of hexamethylenediamine show
a singlet peak at 3.41 ppm due to carbon atoms of methyl groups,
which remain same on complexation [22]. But, hexamethy-
lenediamine shows a sharp peak at 42.1 ppm (standard) due
to C=N group which found to be absent in 13C NMR spectra
of macrocyclic complexes. It indicates that N are involved in
coordination of N with metal representing some uplift at ~40.9
ppm.

X-ray diffraction data: X-ray diffraction data were ob-
tained from SAIF, CFL, Punjab University, Chandigarh using
XPERT-PRO PANalytical with Cu as X-ray source and scanning
range (0-80 °C). All powder samples were scanned in the form
of the discs. To protect from moisture, samples were collected
in special sample tubes. The samples of divalent metal ions
reveal amorphous nature by broadening peaks because sharp
peaks indicate the crystalline nature. The unit cell of Ni(II)
gives lattice constants a = 10.500 Å, b = 10.700 Å, c =11.900
Å, unit cell of Zn(II) gives a = 11.803 Å, b = 12.219 Å, c =
12.789 Å, unit cell of Co(II) gives a = 10.426 Å, b = 11.567
Å, c = 13.900 Å, unit cell of Cu(II) gives a = 16.096 Å, b =
11.560 Å, c = 12.673 Å and unit cell of Fe(II) gives a = 12.512
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Å, b = 11.609 Å, c = 16.893 Å. This data indicates monoclinic
system for Ni(II) and Zn(II) and orthorhombic system for
cobalt(II), copper(II) and iron(II) metal ions which is found
to be in good agreement with the condition a≠b≠c and
α=γ=90°≠β for monoclinic system and condition a≠b≠c and
α=β=γ = 90 for orthorhombic system [23].

In the search of new and effective antimicrobial drugs,
the metal complexes synthesized were screened against two
Gram-positive bacteria: Bacillus subtilis (MTCC 8509), Bacillus
stearothermophilus (MTCC 8508) and two Gram-negative
bacteria: Escherichia coli (MTCC 51), Pseudomonas putida
(MTCC 121) which was obtained from Institute of Microbial
Technology, Chandigarh, India.

in vitro Antibacterial activity

Preparation of test samples: Test samples of the synthe-
sized complexes were prepared in DMSO (dimethyl sulpho-
xide). The concentration ranges from 100 to 1 ppm.

Antimicrobial technique: In order to assess the anti-
microbial activities, two Gram-positive bacteria Bacillus subtilis
(MTCC 8509) and Bacillus stearothermophilus (MTCC 8508),
two Gram-negative bacteria Escherichia coli (MTCC 51) and
Pseudomonas putida (MTCC 121) were used. To evaluate the
efficacy of newly synthesized complexes towards antimicrobial
activities, Agar well diffusion technique [24] was used. Under
aseptic conditions, in to the laminar flow chamber, 20 mL of
MHA (Mueller- Hinton-Agar) medium was dispersed into pre-
sterilized petridishes. Once it solidifies, it was inoculated with
microorganism (prepared according to the instructions of
MTCC) suspended in peptone water. The media was punched
with wells of 6 mm diameter and filled with different solutions
prepared in different concentration (ppm) and labelled. Strep-
tomycin 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 °Cs for 24 h. On the next day, the diameter of
circumference developed around the well was measured. Each
experiment was done in triplicate for the determining MIC
(minimum inhibitory concentration) [25-27]. The MIC was
calculated by subtracting the value of diameter of DMSO
(negative control) from the diameter of macrocyclic complexes
(positive control) as per given in Table-2.

TABLE-2 
  MIC DATA OF SYNTHESIZED  

TRANSITION BIVALENT COMPLEXES 

Minimum inhibitory concentration 
Complexes 

A B C D 
[Co(C30H24N4O2)Cl2] 32 > 64 > 64 32 
[Ni(C30H24N4O2)Cl2] 08 16 16 32 
[Fe(C30H24N4O2)Cl2] 02 04 02 02 
[Cu(C30H24N4O2)Cl2] > 64 > 64 > 64 32 
[Zn(C30H24N4O2)Cl2] 04 02 30 05 
Chlorampenicol 02 02 04 02 
Steptomycin 02 02 04 04 
A = B. subtilis (MTCC 8509), B = B. stearothermophilus (MTCC 
8508), C = P. putida (MTCC 121), D = E. coli (MTCC 51) 

 
Proposed structure: Therefore, on the basis of different

studies like elemental analysis, conductivity, magnetic suscep-

tibilities, IR, 13C NMR, XRD, electronic and mass spectra,
octahedral geometry (distorted) as shown in Fig. 1 is suggested
for all the divalent macrocyclic metal complexes.

C

C

O C

N

N

C

C

OC

N

N

M

Cl

Cl

R

R

where R = -(CH2)6-, M = Fe(II), Co(II), Ni(II), Cu(II) and Zn(II)

Fig. 1

Conclusion

For bivalent macrocyclic complexes, the template syn-
thesis is a yield effective synthesis; these complexes can be
assigned of distorted octahedral geometry. The complexes
formed mainly are soluble in DMF and DMSO. XRD studies
reveal amorphous nature of the complexes. [Fe(C30H24N4O2)Cl2]
complex of iron metal can be tested pharmaceutically for anti-
bacterial activity for the above mentioned becteria. Most
probably, antimicrobial agents act on 50S unit of the ribosome
as the standard antibiotics do.
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