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ABSTRACT 

The tetraazamacrocyclicdiene ligand, Me6[14]diene (L) on reduction with sodium borohydrate yielded isomeric 

saturated ligands ‘tet-a’ and tet-b’, whereas 3,10-C-meso-Me8[14]diene (L1) yielded isomers, LA, LB and LC. Reactions 

of tet-a, tet-b, LB and LC with cobalt(II) perchlorate hexahydrate produced brown µ-peroxo binuclear cobalt(III) 

complexes corresponding to the molecular formula, [(H2O)L
*
Co-O-O-CoL

*
(H2O)](ClO4)4 ( L

*
 = ‘tet-a’, ‘tet-b’, LB or 

LC). However similar reactions with L, L1 and LA did not produce such type of complexes. The complexes have been 

characterized on the basis of elemental analysis, spectroscopic, magnetochemical and molar conductivity data. The 

antibacterial activities of the ligands and their complexes have been investigated. 
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INTRODUCTION 

The fourteen membered tetraazamacrocycles and their complexes have taken a considerable position for their wide 

variety of applications. They are applicable in magnetic resonance imaging (MRI) [1], pharmacological [2], 

radioimmunotherapy [3], analytical [4] and industrial [5] field. They are also well recognized due to their resemblance 

to the naturally occurring macrocyclic complexes. These macrocyclic ligands and complexes are also important because 

of their antifungal [6], antibacterial [7], anticancer [8] and antitumor [9] activity. 

From the recent research reports [10-15], it is evident that, complexation of dioxygen plays an important role in various 

biological systems. Involvement of dioxygen in the biological reactions is very fast with synthetic caged dioxygen 

carrier [16]. Extensive research has focused on the coordination chemistry of naturally occurring dioxygen complexes, 

i.e. haemoglobin, haemerythrin, haemocyanin and their model compounds [10]. Cobalt(II) complexes of polyamines, 

amino acids and dipeptide ligands containing dicobalt µ-peroxo or µ-superperoxo-bridged derivatives have been studied 

extensively, because of their applicability to biochemical system [16]. In these complexes, the binding of oxygen is 

accompanied in many cases, by the transfer of electrons from the metal center to the oxygen molecules, and thus the 

oxidation state of the metal atom changes. In view of this, peroxo-bridged dicobalt complexes are often regarded as 

models for biological oxygen carriers. So a number of reports [16-18] on such type of complexes of cobalt(III), 

ruthenium(III) and iron(II) are available in the literature. 

The well-known fact is that the fourteen membered tetraazamacrocycles with a 5,6,5,6 chelate ring sequence is the best 

fit cavity for metal ions, since this holds the four nitrogen donors in a ‘pre-oriented’ configuration which is favorable 

for coordination. Studies [19-23] on the four coordinated square planar copper(II) and nickel(II) and six co-ordineted 

cobat(III), zinc(II) cadmium(II) complexes of the concerned ligands have already been carried out by our group. But µ-

peroxo binuclear cobalt(III) complexes of the concerned ligands have not been reported so far. Moreover these types of 

µ-peroxo complexes are rare in literature. So it was interesting to see whether µ-peroxo binuclear cobalt(III) complexes 

of these ligands could be prepared using cobalt(II) perchlorate hexahydrate as metal template. An effort to do so with 

the concerned isomeric ligands, ‘tet-a’, ‘tet-b’, LB and LC (Chart-1) was successful. But similar complex formation for 

the diene ligands L & L1 and one isomeric ligand LA did not work out. The prepared complexes have been characterized 

on the basis of elemental analysis, spectroscopic, magnetochemical and conductance data. The antibacterial activities of 

the ligands and their complexes have been investigated against some bacteria. Thus this study focuses on the synthesis, 

characterization and antibacterial study of some new µ-peroxo binuclear cobalt(III) complexes. 
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Chart-1 

EXPERIMENTAL SECTION 

Materials and equipment 

All chemicals were of analytical grade (Sigma Aldrich) or equivalent grades and were used without further purification. 

The solvents were of reagent grade and dried according to standard procedure. Equipments used were of standard ones. 

 

Synthesis 

Preparation of ligands: The parent ligands L [24] and L1 [25] were prepared by the method described in literature. The 

ligand L on reduction with sodium borohydrate produced two isomeric ligands, tet-a and tet-b, whereas L1 yielded three 

isomers LA, LB and LC. The separation and isolation of isomers ‘tet-a’&‘tet-b’ [24] and LA, LB & LC [25] have been 

carried out as procedure adopted in literature. 

 

µ-Peroxo binuclear cobalt(III) complexes of ‘tet-a’& ‘tet-b’: The isomeric ligands ‘tet-a’ & ‘tet-b’(0.160 g, 0.5 

mmol) and cobalt(II) perchlorate hexahydrate (0.183 g, 0.5 mmole) were dissolved separately in a minimum volume of 

cold methanol and water respectively and mixed. Sodium perchlorate hexahydrate (0.5 g) was added to this and the 

mixture was allowed to stand overnight. The brown precipitate formed was filtered off, washed with ethanol, followed 

by ether and dried in vacuum. [Calcd. for complex of ‘tet-a’ (%): C, 36.25; H, 3.80; N, 5.28. Found C, 36.20; H, 3.82; N, 

5.26. Calcd. for complex of ‘tet-b’(%):C, 36.25; H, 3.80; N, 5.28. Found C, 36.23; H, 3.79; N, 5.24]. 

 

µ-Peroxo binuclear cobalt (III) complexes of LB and LC: The above mentioned procedure was adopted to prepare the 

complexes with the isomeric ligands, LB and LC.[Calcd. for complex of LB (%): C, 38.87; H, 3.99; N, 5.04. Found C, 

38.85; H, 3.95; N, 5.02.Calcd.for complex of LC (%): C, 38.87; H, 3.99; N, 5.04. Found C, 38.83 H, 3.98; N, 5.06]. 

 

Physical measurements: UV- visible spectra were recorded on a Shimadzu UV-visible spectrophotometer in pure 

DMSO. Conductance measurements were carried out on a conductivity bridge Hanna instrument HI-8820 in pure 

DMSO, then by dissolving in DMSO and diluting with acetonitrile and water to make the solution of 5% DMSO in 

acetonitrile and water respectively. Magnetic measurements were performed on Gouy Balance which was calibrated 

using Hg[Co(NCS)4]. IR spectra were recorded on a Shimadzu IR 20 spectrophotometer as KBr disks. Microanalyses of 

the complexes were carried out on a C, N, H analyzer at the Inorganic research laboratory in the Hamburg University, 

Germany. 
1
H-NMR spectra were recorded in DMSO with a 400 MHz Bruker DPX-400 spectrometer using TMS as 

internal standard at the BCSIR Laboratory, Dhaka, Bangladesh. 

 

Antibacterial activities: Antibacterial activities of the ligands and their complexes against selected gram-positive and 

gram-negative bacteria were investigated by the disc diffusion method. Paper disc (6 mm in diameter) and Petri plates 

(70 mm in diameter) were used throughout the experiment. Pour plates were made with sterilized melted nutrient agar 

NA (45
°
C) and after solidification of pour plates, the test organisms (suspension in sterilized water) were spread 

uniformly over the pour plates with sterilized glass rod separately. The paper discs after soaking with test chemicals 

(1mg/mL in DMSO) were placed at the center of the inoculated pour plates. A control plate was also maintained in each 

case with DMSO. The plates firstly were kept for four hours at low temperature (4
°
C) and the test chemicals diffused 

from disc to the surrounding medium by this time. The plates were then incubated at (35±2)
°
C for growth of test 

organisms and were observed at 24-hour and 48 hours intervals. The activity was expressed in terms of zone of 

inhibition in mm. The results for all compounds have been reported after subtracting values for solvent DMSO itself. 

Tests were repeated twice.  

RESULTS AND DISCUSSION 

It has been observed that cobalt (II) complexes of azamacrocyclic ligands react rapidly with dissolved oxygen to give 

the peroxo-bridged dicobalt(III) complexes.  
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A few peroxo-bridged dicobalt(III) complexes of 14-membered tetraazamacrocycles have been isolated in solid state 

[26-31]. The reaction in some cases are very rapid [31] while in others, prolonged aeration is required [32]. The 

cobalt(II) complexes of 14- membered tetra azamacrocycles have been reported as low spin (t2g
6 

eg
1
) [Co(N4)(OH2)2]

2-
 

species of yellow color prior to oxygenation [33]. But in present case µ-peroxocobalt(III) complxes were formed 

immediately after addition of ligand solution into aqueous cobalt(II) perchlorate hexahydrate solution. Such as 

interaction of the ligands ‘tet-a’, ‘tet-b’, LB and LC with cobalt (II) perchlorate hexahydrate produced brown product in 

each case. Elemental analysis, IR spectral data (Table-1), molar conductivity data (Table-3), electronic spectral data 

(Table-2) and 
1
H-NMR data (Table-2) are fully consistent with molecular formula [(H2O) L

* 
Co-O-O-Co L

*
 

(H2O)](ClO4)4 [ where L
*
= ‘tet-a’, ‘tet-b’ LB or LC] (Chart-1). The concerned complexes are found to be diamagnetic as 

expected for low spin d
6
 system. 

Table 1: IR spectral data 

   

Complex of 

Assignment 

 υ(N-H)  υ(C-H) υ(CH3)  υ(C-C)  υ(Co-N) υ(ClO4
-) υ(OH) υ(Co-O) 

‘tet-a’ 3130 m 2980 m 1378s 1143 s 517vs 
1087 vs 

3435 s 430s 
626 s 

‘tet-b’ 3134 m 2954 m 1380 m 1147 m 525 m 
1099 m 

3450 s 438s 
625 m 

LB 

                

3155m 2960 vs 1377 s 1140 vs 520 s 1100s 3450 m 435 s 

          620vs     

LC 

                

3160s 2979 s 1378 vs 1145 s 516 m 1089 m 3440 vs 440 vs 

          620 s     
Relative band intensities are denoted by s, m, w, vs, meaning strong, medium, weak, very strong, respectively 

Table 2: Electronic and 1H-NMR spectral data; sh, s, d, a, e mean shoulder, singlet, doublet, axial, equatorial respectively 

Complex of λmax(€max)in nm CH3 signals (δ ppm) 

‘tet-a’ 674(91), 500(147), 441(190), 340(3,666), 263(8,000)   1.30a (s, 12H), 1.40e (s, 12H), 1.51e(d, 12H) 

‘tet-b’ 660(110), 510(142), 443(182), 341(3600), 264(7,930)   1.29a (s, 12H), 1.46e (s, 12H) 1.50e (d, 12H) 

LB 493sh(161), 436sh(193), 336(3,720), 259sh(10,000) 
1.28a (s, 12H), 1.50e (s, 12H), 1.44e (d, 12H) 

1.48e (d, 12H) 

LC 495(150), 438(178), 338(3,712), 260(9,110) 
1.27a (s, 12H), 1.51e (s, 12H) 1.33a (d, 12H) 

1.48e (d, 12H) 

Table 3: Molar Conductivity data 

Complex of 
In DMSO 

In (DMSO: Acetonitrile) (5:95) (ohm-1cm2mole-1) 
In (DMSO: Water) (5:95) 

(ohm-1cm2mole-1) (ohm-1cm2mole-1) 

‘tet-a’ 33 376 350 

‘tet-b’ 29 380 355 

LB 32 375 357 

LC 39 368 365 

 

IR spectra 

The infrared spectra (Table-1) of these complexes display υ(NH) bands at 3130-3160 cm
-1

, υ(ClO4
-
) bands at 1087-1100 

cm
-1

and 620-626 cm
-1

. The positions as well as non-splitting of bands [34] at around 1080 cm
-1

 strongly support the 

non-coordination of ClO4
-
 ions. Appearance of υ(OH) bands at 3435-3450 cm

-1
 is due to coordination of water 

molecules. The spectra further exhibit υ(C-H), υ(CH3) and υ(C-C) bands at 2954-2980 cm
-1

, 1377-1380 cm
-1

 and 1143-

1147 cm
-1

 respectively. The bands at 517-525 cm
-1 

can be attributed to υ(Co-N) band. The spectra of the complexes also 

reveal υ(Co-O) bands at 430-440 cm
-1

. 

Electronic Spectra 

The present complexes have a very low solubility in water and other common solvents except DMSO, hence their 

electronic spectra were run in DMSO. The electronic spectra of these complexes display shoulders at around 500 nm 

due to
 1
A1g →

1
T1g (oh) d-d transition, whereas the expected same bands sometimes are obscured by the tail of the strong 

charge transfer band [30,31]. The brown color of the complexes is due to an intense charge transfer band assigned to π
*
 

O2
2-

 → dz
2 

Co(III) [30,31] transition in the ultra violet region tailing into the visible region. This charge transfer band 

Co
III

L O2

K1

K2

+ Co
III

LO2
-

Co
III

LO2
-

+ Co
II
L [LCo

III
O2

2-
Co

III
L]

4+

        (i)

(ii)
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occurs in the 341-259 nm region with € in the range of 3600 to 10000 dm
3
M

-1
cm

-1
. This strong charge transfer bands is 

in accord with µ-peroxo formulation. Appearance of a band/shoulder around 650-675 nm in case of complexes with tet-

a and tet-b can be assigned to d-d band for the formation of [CoL(H2O)2](ClO4)3 species due to slight decomposition of 

µ-peroxo species in solution, which can be shown by the following expression,  

[(H2O)L
′
Co-O-O-CoL

ʹ
(H2O)](ClO4)4 → [CoL

′
(H2O)2](ClO4)3 (iii) 

[ L
′
 =‘tet-a’ or ‘tet-b’ ] 

Table 4: Antibacterial activities of the compounds against gram-positive bacteria 

Ligands and their complexes 
Gram positive bacteria 

B. cereus B.subtilies S. aureus 

[(H2O)(‘tet-a’)Co-O-O-Co(‘tet-a’)(H2O)](ClO4)4 18 15 16 

[(H2O)(‘tet-b’)Co-O-O-Co(‘tet-b’)(H2O)](ClO4)4 17 20 18 

[(H2O)(LB)Co-O-O-Co(LB)(H2O)](ClO4)4 11 15 10 

[(H2O)(LC)Co-O-O-Co(LC)(H2O)](ClO4)4 10 12 10 

‘tet-a’ 0 0 0 

‘tet-b’ 0 0 0 

LB 0 0 0 

LC 0 0 0 

DMSO 2 3 2 

Co(ClO4)2.6H2O 2 3 2 

Ampicillin 30 25 32 

Table 5: Antibacterial activities of the compounds against gram-negative bacteria 

Ligands and their complexes 
Gram negative bacteria 

S. typhi E. coli K. neumonea P.aeruginosa 

[(H2O)(‘tet-a’)Co-O-O-Co(‘tet-a’)(H2O)](ClO4)4 11 16 10 12 

[(H2O)(‘tet-b’)Co-O-O-Co(‘tet-b’)(H2O)](ClO4)4 16 15 12 10 

[(H2O)(LB)Co-O-O-Co(LB)(H2O)](ClO4)4 14 20 15 16 

[(H2O)(LC)Co-O-O-Co(LC)(H2O)](ClO4)4 16 12 18 15 

‘tet-a’ 0 0 0 0 

‘tet-b’ 0 0 0 0 

LB 0 0 0 0 

LC 0 0 0 0 

DMSO 2 3 5 2 

Co(ClO4)2.6H2O 2 4 6 5 

Ampicillin 32 30 20 25 

 

Some µ-peroxodicobalt(III) complexes decompose in acidic solutions to the corresponding diaqua complexes [27] 

[CoL(H2O)2]
3+

. But in the case of [(H2O)Co(Me2[14]dieneN4)]2O2
4+

, the products of acid decomposition are 

[Co(H2O)6]
3+

and Me2[14]dieneN4.2HClO4 [31]. Similarly the present µ-peroxodicobalt(III) complexes with ligands LB 

and Lc undergo decomposition in 6M HClO4 giving insoluble white products corresponding to L
ʹʹ
.4HClO4 (L

ʹʹ
= LB or 

LC) and pink solutions, while the electronic spectra of pink solution correspond to that of [Co(H2O)6](ClO4)2 with a λmax 

at 519 nm. But these complexes with ‘tet-a’ and ‘tet-b’ are very stable as no noticeable decomposition occurs in these 

cases even after adding concentrated HClO4. 

Conductance 

The molar conductivity values (Table-3) of [(H2O)L
*
Co-O-O-Co L

*
(H2O)](ClO4)4 in pure DMSO deviate significantly 

from expected values for 1:4 electrolytes, rather corresponds to almost non electrolyte [10,35,36] which may be due to 

conversion of (1) to (2) in DMSO solution as shown by the following conversion. While not implying a co-ordination 

number greater than 6 for the cobalt(III) centre, some association between all perchlorate anions and complex is implied 

in reducing conductivity of the solutions as observed in related cases [37,38]. 

[(H2O)L
*
Co-O-O-CoL

*
(H2O)](ClO4)4 → [(H2O)L

*
Co-O-O-CoL

*
(H2O)(ClO4)4] (iv) 

(1)  (2) 

However the molar conductivity values of 368-380 ohm
-1

cm
2
mole

-1
 in a solvent mixture of 5% DMSO in 95% water 

and 350-365 ohm
-1

cm
2
mole

-1
 in a solvent mixture of 5% DMSO in 95% acetonitrile corresponding to 1:4 electrolytes 

support the molecular formula assigned. 
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1
H-NMR Spectra 

The 
1
H-NMR spectra of these µ-peroxo binuclear cobalt(III) complexes of tet-a and tet-b display similar pattern. The 

spectra of both complexes exhibit two singlets and one doublet. The singlets at 1.30 ppm (‘tet-a’) and 1.29 ppm (‘tet-b’) 

can be assigned to axial components and those at 1.40 ppm (‘tet-a’) and 1.46 ppm (‘tet-b’) to equatorial components of 

the gem-dimethyl groups. The spectra further reveal doublets at 1.51 ppm (‘tet-a’) and 1.50 ppm (‘tet-b’) corresponding 

to 12H, which are assigned to equatorially oriented methyl protons on C5 and C12 chiral carbons of two ligands. On the 

other hand, the 
1
H-NMR spectra of the complexes of LB and LC, exhibit two singlets and two doublets. So appearance 

of two singlets at 1.28 ppm (LB) & 1.27 ppm (LC) for axial components and at 1.50 ppm (LB) & 1.51 ppm (LC) for 

equatorial components of their gem-dimethyl groups respectively can be assigned. The spectrum of each complex 

further reveals two doublets, 1.44 ppm (12H) & 1.48 ppm (12H) for LB assigned to all equatorial arrangement, whereas 

1.33 ppm (12H) & 1.48 ppm (12H) for LC to diaxial-diequatorial arrangement respectively. Molecular models show that, 

though 10 diastereoisomers for the complexes of Me6[14]anes and 16 for the complexes of Me8[14]anes of their 

complexes are possible for each isomeric ligand, but one complex could have been isolated in each case. Thus a 

diequtorial arrangement for tet-a & tet-b and all equatorial & diaxial-diequtorial arrangement for LB & LC respectively 

with most stable trans (III) form [39] have been assigned as already been assigned for their corresponding octahedral 

dinitratozinc(II) complexes. From the symmetric spectral pattern, it can be assumed that two molecules of ligand in 

each complex are with same conformation. So the configuration and conformation of ligands, tet-a, tet-b, LB and LC in 

the respective complexes can be shown by Str. I, Str. II, Str. III, & Str. IV respectively and a representative full 

structure of these complexes can be shown in Figure 1.  

 

Figure 1: R= H or CH3 

Antimicrobial activities  
Except for few cases [23,38,40], antibacterial studies of the concerned macrocycles and their complexes have not been 

studied extensively. So it was interesting to examine the antibacterial activity of these ligands and their concerned 

complexes. For the purpose, investigation on antibacterial activities of ligands and their µ-peroxocobalt(III) complexes 

have been carried out against some important selected bacteria. Moreover the antibacterial activities of the solvent, 

DMSO, non-coordinated metal salt and a standard antibiotic (Ampiciline) have been carried out for the comparison. 

The antibacterial activities of the prepared compounds are tested against three gram positive and four gram negative 

bacteria. The selected bacteria can cause different fatal diseases; viz. Salmonella typhe causes typhoid, Klebsiellap 

neumoniae causes destructive change in lungs, Escherichia coli & Bacillus subtilies cause food poisoning, Bacillus 

cereus causes diarrhea and other bacteria also responsible for different diseases. The results summarized in Table-4 & 

Table-5 for gram positive and gram negative bacteria respectively show that, while the ligands are ineffective in all 

cases, but their complexes exhibit remarkable antibacterial activities. This is in accord with observations on similar 

systems [38,40,41]. As seen from Table-4 & 5most of the complexes were effective against both gram-positive and 

gram-negative bacteria but a few complexes show activity to some extent against some of the gram-positive and gram-

negative bacteria. However a minute comparison for gram positive bacteria (Table-4) reveals that, µ-peroxocobalt(III) 

complexes of ‘tet-a’ and ‘tet-b’ were effective highly against all of the bacteria and the complexes of LB and LC also 

show good activities against the all bacteria but lower than the complexes of ‘tet-a’ and ‘tet-b’. On the other hand, in 

case of gram negative bacteria (Table-5) all complexes of tet-b, LA and LC were mostly effective against four bacteria 

but the complex of ‘tet-a’ was more active against E. coli than others. The solvent (DMSO), non-coordinated metal, and 
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a standard antibiotic (Ampiciline) almost showed different activity against different bacteria. The results presented for 

different compounds in Table-4 & 5 are the values after subtracting the values for DMSO alone. The observation of 

activity for 48-hours intervals and the repetition of the test for 24-hour interval did not show remarkable change in the 

diameter of inhibition zone. However no definite trend can be derived from the observations at this stage but the 

positive results suggest further studies are warranted. It is to be noted that though non-coordinated metal salt is more or 

less effective against all bacteria. The standard antibiotic, Ampiciline is always highly effective against all bacteria. The 

increased activity of the complexes in few cases compared to ligands can be explained by chelation theory [10] i.e the 

possible mechanism is that, the complexes disturb the respiration process of the cell and thus block the synthesis of 

protein, which restricts further growth of the organism [42]. In the disc diffusion method, inhibition zone of the 

complexes is related susceptibility of the isolate and to diffusion rate of drug through agar medium [43].  

CONCLUSION
 

Our research is mainly centered on synthesis, characterization, X-ray crystallographic and antimicrobial studies of 

transition metal complexes of azamacrocyclic ligands. Though a varieties of metal complexes have been reported from 

this group, this is our new approach to synthesize biologically important binuclear µ-peroxocobalt(III) complexes. 

Though preparations of these complexes have been attempted with seven ligands, but only four of these worked to 

produce expected complexes. The study reveals that diene ligands do not form binuclear µ-peroxo complexes. One 

isomer also does not produce expected complex. This variation may be due to stereochemical difference. Based on all 

experimental results, the conformation and configuration of the ligands ‘tet-a’, ‘tet-b’, LB & LC in their respective 

complexes are shown by Str. I, II, III & IV respectively. The suggestive modes of coordination are shown in Figure 1. 

Antimicrobial activities reveal that the ligands arenontoxic against all bacteria, but all the complexes are more effective 

against all selected bacteria.  
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