
 

UNIVERSITY OF BUCHAREST 

FACULTY OF CHEMISTRY 

DOCTORAL SCHOOL OF CHEMISTRY 

 

 

ABSTRACT OF THE PhD THESIS 

 

 

 

COMPLEXES WITH AZAMACROCYCLIC LIGANDS 

FUNCTIONALIZED WITH HETEROCYCLIC AMIDES – 

SYNTHESIS, CHARACTERISATION AND BIOLOGICAL 

ACTIVITY 

 

 

 

 

 

PhD STUDENT 

PĂTRAŞCU FLORENTINA 

                                                                                       PhD SUPERVISOR                                         

PROF. PhD DANA MARINESCU 

 

 

 

 

2014 



1 

 

Summary   
 

Introduction ….……………………………………………………….………………....................... 4 

Chap. I. Complexes with saturated azamacrocyclic ligands  ………………………….. 6 

I.1. Complexes with saturated tetraazamacrocyclic ligands  ………………………….…………... 8 

I.1.1. Complexes with tetraazamacrocyclic ligands obtained through Mannich reaction ..…… 8 

I.1.2. Complexes obtained via direct reaction between tetraazamacrocyclic ligands and metal 
ion salts ………………………………………………………………………………………... 14 

I.1.3. Complexes obtained by with Schiff base reduction ..…………………………………… 21 

I.2. Complexes with saturated pentaazamacrocyclic ligands …………………………………….... 26 

I.2.1. Complexes with pentaazamacrocyclic ligands obtained through Mannich reaction ........ 26 
I.2.2. Complexes obtained via direct reaction between pentaazamacrocyclic ligands and 

metal ion salts …………………………………………………………………….……….. 35 

I.3. Complexes with saturated hexaazamacrocyclic ligands ………………………………….…... 37 

I.3.1. Complexes with hexaazamacrocyclic ligands obtained through Mannich reaction …..... 38 

I.3.2. Complexes obtained via direct reaction between hexaazamacrocyclic ligands and metal 

ion salts …………………………………………………………………………………….…. 44 

I.4. Polynuclear complexes with saturated poliazamacrocyclic ligands ….………………..……... 46 

I.4.1. Polynuclear complexes with saturated poliazamacrocyclic ligands obtained via 

Mannich reaction ……………………...………………………………………………………. 47 

I.4.2. Complexes obtained via direct reaction between poliazamacrocyclic ligands and metal 
ion salts …………………………………………………………………………………………. 53 

I.5. Biological activity of complexes with saturated azamacrocyclic ligands ………….…………. 54 

I.5.1. Antiviral activity of complexes with saturated azamacrocyclic ligands…….………...... 54 

I.5.2. Antitumor activity of complexes with saturated azamacrocyclic ligands ……...…….....  58 

I.5.3. Antimicrobial and antifungal activity of complexes with saturated azamacrocyclic 
ligands  ……………………………………………………………………………….……….. 61 

I.5.4. SOD mimetic activity of complexes with saturated azamacrocyclic ligands  ..………….. 65 

Chap. II. Synthesis, characterization and assessment of the antimicrobial, anti-
inflammatory and cytotoxic activity for new Ni(II), Cu(II) and Zn(II) 
mononuclear complexes with azamacrocyclic ligands functionalized with 
ketopyridine moiety ……………………………………………………………………………… 68 

      Introduction ..……………………………………………………………………………………… 68 

II.1. Synthesis, characterization and biological activity of some Ni(II), Cu(II) and Zn(II) 

complexes with pentaazamacrocyclic ligands derived from triethylenetetramine and nicotinamide … 71 

II.1.1. Results and discussions ...……..……………………………………………………….. 72 

II.1.1.1. Thermal analysis …..…………………………………………………………...…. 74 

II.1.1.2. ESI-MS Spectra ……………………………………………………………...…… 79 

II.1.1.3. IR Spectra ………………………………………………………………...………. 81 

II.1.1.4. 
1
H RMN and 

13
C RMN Spectra ……………………………………….....……….. 83 

II.1.1.5. Electronic spectra and magnetic susceptibility ………………...………….……… 84 

II.1.1.6. EPR Spectra ………………………………………………………...…………….. 88 



2 

 

II.1.1.7. Cyclic voltammetry.................................................................................................. 89 

II.1.1.8. Antimicrobial activity.............................................................................................. 94 

II.1.1.8.1. Minimal inhibitory concentration determination ………………………...... 95 
II.1.1.8.2. The complexes influence on the adherence of pathogen microorganisms to 

inert substratum ………………...................................................................................... 97 

II.1.1.9. Cytotoxicity determination for the new synthesized complexes …………………. 101 

II.2. Synthesis, characterization and biological activity of some Ni(II), Cu(II) and Zn(II) complexes 

with hexaazamacrocyclic ligands derived from ethylenediamine and nicotinamide ………………. 108 

II.2.1. Results and discussions ………………………………………………….…………….. 109 

II.2.1.1. Thermal analysis ……………............…...………………………..………………. 110 

II.2.1.2. ESI-MS Spectra ……………………………....…………........…………………... 116 

II.2.1.3. IR Spectra ………………………………………....…….........…………………… 117 

II.2.1.4. 1H RMN and 13C RMN Spectra ……………………...………...…………………. 120 

II.2.1.5. Electronic spectra and magnetic susceptibility …...…...…….……….…………… 120 

II.2.1.6. EPR Spectra ………………………………...…………...………..………………. 123 

II.2.1.7. Cyclic voltammetry................................................................................................... 125 

II.2.1.8. Antimicrobial activity …….......…………………...…………....………………… 130 

II.2.1.8.1. Minimal inhibitory concentration determination ........................................... 130 

II.2.1.8.2. The complexes influence on the adherence of pathogen microorganisms to 

inert substratum ……….................................................................................................. 130 

II.2.1.9. Cytotoxicity determination for the new synthesized complexes .............………… 134 

II.3. Synthesis, characterization and biological activity of some Ni(II), Cu(II) and Zn(II) 

complexes with hexaazamacrocyclic ligands derived from 1,2-phenylenediamine and nicotinamide.. 138 

II.3.1. Results and discussions ………………………………….…………………………….. 139 

II.3.1.1. Thermal analysis ………..…………………………………...……………………. 140 

II.3.1.2. ESI-MS Spectra …………………………………………………....……………... 145 

II.3.1.3. IR Spectra …………………………………………………………....…………… 147 

II.3.1.4.  
1
H RMN and 

13
C RMN Spectra ……………………………………...………….. 148 

II.3.1.5. Electronic spectra and magnetic susceptibility …….…………………...………... 150 

II.3.1.6. EPR Spectra ………………………………………………………...……………. 153 

II.3.1.7. Cyclic voltammetry ………..................................................................................... 154 

II.3.1.8. Antimicrobial activity ……………….………………………….……...………… 159 

II.3.1.8.1. Minimal inhibitory concentration determination ……................................... 160 
II.3.1.8.2. The complexes influence on the adherence of pathogen microorganisms to 

inert substratum ………….............................................................................................. 160 

II.3.1.9. Anti-inflammatory activity....................................................................................... 164 

II.3.10. Cytotoxicity determination for the new synthesized complexes ………………….. 169 

II.4. Synthesis and characterization of new Ni(II), Cu(II) and Zn(II) complexes with the acyclic 

Mannich base functionalized with thioglycolate moiety …………………………………………... 175 

II.4.1. Results and discussions ….…………………………………………………………….. 177 

II.4.1.1. Thermal analysis..............................................………………………………......... 177 

II.4.1.2. ESI-MS Spectra …..…………………………….……………………………....… 180 



3 

 

II.4.1.3. IR Spectra ..........………………………………………………………………...... 181 

II.4.1.4. 1H RMN spectrum …………..…………………………………………………..... 182 

II.4.1.5. Electronic spectra and magnetic susceptibility ……….………………………...… 182 

II.4.1.6. EPR Spectra …………………………………………….……………………....… 183 

II.4.1.7. Antimicrobial activity............................................................................................... 184 

Conclusions ………………………………………………………………………..….…………….. 187 

Chap. III. Methods of analysis and work techniques ...........…………….………………. 189 

III.1. Methods of analysis ........……………………………………………….………………….. 189 

III.2. Synthesis and analysis of complexes ………………………………………………………. 190 

III.3. Biological assays…………………..………………………………………………………... 195 

III.3.1. Antimicrobial activity assay………………………………………………………...... 195 

III.3.2. Cytotoxicity assay ……………………………………………………….................... 197 

References ……..………………………………………...…………………………………………. 199 

Annex ................................................................................................................................................... 208 

 

 

 

 

 

 

 

 

 

 

 

The summary is from the thesis 

The references are selective 

The figures are renumbered 



4 

 

The formaldehyde condensation with a polyamine and a nucleophile species containing at 

least a reactive hydrogen atom like a carbonyl, amine, amide or an active methylene group 

generates usually an azamacrocyclic compound [1, 2]. The interest for this kind of compounds 

arises from both biological and coordinative point of view. Thus a broad spectrum of 

biological activities was evidenced for these species, including antibacterial [3-5], antifungal 

[5], antiviral [6] and antitumor [7] respectively.  

Besides their biological properties, the polyazamacrocyclic derivatives are very interesting 

ligands and their complexes exhibit a high kinetic and thermodynamic stability that 

recommend them for biomedical applications [8, 9]. An improved antibacterial activity in 

comparison with free ligands was evidenced for such complexes [10, 11]. 

While the complexes with tetra- and hexaazamacrocyclic ligands have been intensively 

studied concerning synthesis, properties, crystallographic features as well as biological 

activity the complexes with pentaazamacrocyclic ligands were less studied.  In the last years, 

the attention in the field was focused on the complexes with azamacrocyclic ligands bearing 

C- or N-pendant arms that add a new dimensionality to macrocycle unit. The substituents 

from this kind of species bring an additional group that can assist in coordination, afford an 

interesting packing in solid state and respectively confer the ability to interact with biological 

targets through a variety of covalent or non-covalent bonds such as hydrogen bonds, C-H···π 

and π-π interactions [12].  

The one-pot reactions have been widely used for synthesis of such complexes with a 

transition metal ion as template agent and by using formaldehyde and a variety of aliphatic 

polyamines and other organic derivatives such as aliphatic [13], aromatic [13] or heterocyclic 

[14-16] amine, carboxamide [13, 17] or sulfonamide [13, 18] as “capping” fragments.  

On the other hand, nicotinamide is a component of nicotinamide adenine dinucleotide, a 

coenzyme found in all living cells that play an important role in human life [19]. 

Nicotinamide exhibit anti-inflammatory properties [20] and some complexes with nicotinic 

unit behave as antitumor [21] or antimicrobial agents [22-24] some of them turning into 

excellent models for the design of effective antibiotic drug substances. 

Objectives 

� Synthesis of new Ni(II), Cu(II) and Zn(II) complexes with penta- and 

hexaazamacrocyclic ligands functionalized with nicotinamide or 2-thioxo-4-

thiazolidinone using “one pot” condensation; 

� Characterization of complexes by suitable physicochemical methods; 
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� Antimicrobial and cytotoxic activity establishment.  

 

Thesis content  

 

The thesis entitled ”Complexes with azamacrocyclic ligands functionalized with 

heterocyclic amides - synthesis, characterization and biological activity” contains data 

concerning new saturated azamacrocyclic ligands and their complexes obtained by ”one-pot” 

reaction. The thesis is structured in three chapters.  

The first chapter presents a survey of literature data concerning synthesis and characterization 

of some complexes with saturated monoaza- and poliazamacrocyclic ligands obtained either 

by template condensation or by direct reaction. Moreover the antiviral, antimicrobial, 

antitumor or SOD mimetic activity for such complexes are presented in detail. 

The second chapter includes the original contributions on the synthesis and characterization of 

the 32 new complexes of Ni(II), Cu(II) and Zn(II) with penta- and hexaazamacrocyclic 

ligands functionalized with ketopyridine moiety provided by nicotinamide and of three 

compound with an acyclic ligand derived from 2-thioxo-4-thiazolidinone. The new 

azamacrocyclic ligands have been also isolated by the metal ion removal from a complex with 

sodium sulfide. 

The new complexes and ligands were formulated on the basis of data provided by elemental 

chemical analysis, ESI-MS, electronic, IR, EPR, 
1
H NMR, 

13
C NMR spectroscopy, thermal 

analysis, magnetic measurements as well as cyclic voltammetry. The interest concerning this 

type of compounds comes from the fact that they may have biological activity comparable or 

improved in comparison with the free ligand. Therefore, the thesis presents the antimicrobial, 

anti-inflammatory and cytotoxic activity of complexes in comparison with that of ligands. 

Chapter three contains data concerning the synthesis, analytical methods and equipments used 

in the characterization of complexes and corresponding ligands. 

 

II.1. Synthesis of Ni(II), Cu(II) and Zn(II) complexes with pentaazamacrocyclic ligand 

derived from triethylenetetramine and nicotinamide 

 

The first chapter of the original part of the thesis describes the synthesis of 10 new complexes 

by template condensation of nicotinamide, triethylenetetramine and formaldehyde assisted by 

chloride, perchlorate, nitrate or acetate of Ni(II), Cu(II) or Zn(II)  (scheme 1). The complexes 



6 

 

and the pentaazamacrocyclic ligand were physico-chemical and biological characterized as 

presented below. 

Na2S - MS

N N

N N

N

N

O

H

H

H

H

M: Ni, Cu, Zn
X: Cl, ClO 4, NO3, 

    CH3COO

X2  nH2O.
N N

N N

M N

N

O

H

H

H

H

  +  2CH2O  +  

NH2N

O

M(teta)X2  nH2O.

OH
-
/H3O

+
t °C

N NH2

N NH2

M

H

H

X2  nH2O.

 

Scheme 1. The condensation reaction between nicotinamide, triethylenetetramine and formaldehyde in presence 

of metal salts 

 

The formulation of complexes [NiL1Cl2]  (1), [CuL1Cl2]·H2O (2), [ZnL1Cl2] (3), 

[NiL1(CH3COO)2]·H2O (9), [CuL1(CH3COO)2]·H2O (10), was sustained by thermal analysis 

data. This method indicates that complexes (1) and (3) are anhydrous while the other species 

are monohydrated. The thermal behavior of complexes (1) and (9) is presented in Figure 1 (a 

and b) [25]. 

a b  

Fig. 1. The derivatograms of the complexes (1)–a and (9)–b 
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In the ESI-MS spectra of ligand and complexes [NiL1Cl2] (1), [CuL1Cl2]·H2O (2), [ZnL1Cl2] 

(3) were identified peaks that correspond to molecular ions as can be seen in Figure 2 for 

complex (1). 

 

Fig. 2. ESI-MS spectrum of compound [NiL
1
Cl2] (1) 

 

In the ESI-MS spectra of the complexes the molecular ions were identified as [NiC14H24N6O]
+
 

at 347.10; [CuC14H21N6O]+ at 352.10 and [ZnC14H24N6O+CN+3H]+ at 386.80.  Another 

fragments such [C6H7N2O]+ (m/z: 123.10) and [C5H6N]+ (m/z: 80.00) from the fragmentation 

of the ligand were identified in spectra of all compounds. 

The condensation process was confirmed by the data obtained from IR spectra. This method 

provided also information concerning the anion role as unidentate ligand (e.g. 

[NiL1(CH3COO)2]·H2O (9)) or free ion (e.g. [CuL1(OH2)](ClO4)2·5H2O) [26-31]. 

The 1H NMR spectrum of ligand reveals the characteristic pattern of protons from pyridyl 

group that generate signals in the range 7.85-8.93 ppm. The protons for ethylene and 

methylene groups were identified by the triplet at 3.11 ppm and the singlet at 3.87 ppm 

respectively. The secondary amine group was identified by signal at 1.90 ppm. The 

characteristic pattern for all groups was identified in the 
13

C NMR spectrum as well. 

These signals appear in the complex [ZnL1Cl2] (3) spectrum with the mention that the peak 

assigned to secondary amine group is downfield shifted as result of coordination [27]. 

The electronic spectra of Ni(II) complexes display the three characteristic bands for Ni(II) in 

an octahedral surrounding [32] and the values of the magnetic moments and of the crystal 

field parameters are in good agreement with this geometry. The electronic spectra for Cu(II) 

complexes show a broad band characteristic to a square-pyramidal stereochemistry. The 

values in the range 1.85-2.04 BM for the magnetic moment of these complexes suggests no 

interactions between paramagnetic centers. 
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The powder EPR spectra at room temperature of the Cu(II) complexes confirmed the  

proposed  geometry. The spectra of complexes (5) and (7) are according with an axial 

symmetry with the hyperfine structure well resolved (fig. 3 a and b). 

  

A b 
Fig. 3. Powder EPR spectra of complexes [CuL1(OH2)](ClO4)2·5H2O (5) and [CuL1(OH2)](NO3)2·5H2O (7) 

 

The redox behavior of the ligand and complexes [NiL1Cl2] (1), [CuL1Cl2]·H2O (2), [ZnL1Cl2] 

(3) were studied by cyclic voltammetry and the informations provided indicate that the 

complexes with pentaazamacrocyclic ligand are reduced at more negative potential in 

comparison with DMSO solvated ions [33]. 

Taking into account the results provided by the chemical analysis, ESI-MS, electronic, IR, EPR, 

1H NMR, 13C NMR spectra, thermal analysis, magnetic measurements and cyclic voltammetry 

the coordination for complexes (1) – (10) were proposed as presented in Figure 4. 

N N

N N

M N

N

O

Cl

Cl

H

H

H

H

   
[NiL

1
Cl2]  (1), [CuL

1
Cl2]·H2O (2), [ZnL

1
Cl2] (3) 
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N N

N N

Ni N

N

O

OH2

OH2

H

H

H

H

X2

 
[NiL

1
(OH2)2](ClO4)2·4H2O (4) 

[NiL1(OH2)2](NO3)2·4H2O (6) 

N N

N N

Cu N

N

O

OH2

H

H

H

H

X2

 
[CuL

1
(OH2)](ClO4)2·5H2O (5) 

[CuL1(OH2)](NO3)2·5H2O (7) 

N N

N N

M N

N

O

O

O

O

O

H

H

H

H

 
[NiL

1
(CH3COO)2]·H2O (9), [CuL

1
(CH3COO)2]·H2O (10) 

Fig. 4. The coordination  proposed for the complexes (1) – (10) 

 

The antimicrobial activity of the compounds was assayed against the reference and clinical 

microbial strains: P. aeruginosa 1397, E. coli ATCC 25922 and 714, E. cloacae 61R, S. 

aureus 0364, B. subtilis 12488, and C. albicans 249 and 10231. The complex (2) exhibits a 

good anti-fungal activity against the two C. albicans strains with a MIC value of 125 and 62.5 

µg mL
-1

 while the complex (5) against B. subtilis strain with a MIC value of 250 µg mL
-1

.  

The cytotoxic assays were performed on Hep 2 (human cervical carcinoma derived from 

HeLa) and HT 29 (human colorectum adenocarcicom) cancer cells. The evaluation of the 

cytotoxicity showed that Cu(II) complexes exhibit an effective cytotoxic activity by inducing 

the cellular cycle arrest in the G2/M phase. 

 

II.2. Synthesis of Ni(II), Cu(II) and Zn(II) complexes with hexaazamacrocyclic ligand 

derived from ethylenediamine and nicotinamide 

 

The second subchapter of the thesis describes the synthesis of 10 new complexes by template 

condensation of nicotinamide, ethylenediamine and formaldehyde in presence of metal salts 

(scheme 2). The complexes and the hexaazamacrocyclic ligand were studied from the 

perspective of their physico-chemical characterization and biological activity assessment. 



10 

 

M: Ni, Cu, Zn
X: Cl, ClO 4, NO3, 

    CH3COONa2S - MS

X2  nH2O.
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OH
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t °C

H2N NH2
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H

H

N N

N N

M N

N

O

O

N

N

H

H

H

H

N N

N N

N

N

O

O

N

N

H
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Scheme 2. The condensation reaction between nicotinamide, ethylenediamine and formaldehyde in presence of 

metal salts 

 

The complexes [NiL
2
Cl2]·6H2O (11), [CuL

2
(OH2)]Cl2·0.5H2O (12), [ZnL

2
]Cl2·H2O (13), 

[Cu2L
2(CH3COO)](CH3COO)3·3H2O (19), [ZnL2(CH3COO)2] (20) were characterized by 

thermal analysis. By using this method, it was observed that complex (20) is anhydrous while 

the others compounds are hydrated species. This fact was confirmed by the mass loss in the 

first and second step of the complexes thermal decomposition (Fig. 5 a and b) [25]. 

a b  

Fig. 5. The derivatograms of the complexes (11)–a and (12)–b 

 

The ESI-MS spectra of the complexes [NiL2Cl2]·6H2O (11), [CuL2(OH2)]Cl2·0.5H2O (12), 

[ZnL2]Cl2·H2O (13) show peaks that correspond to molecular ions such as [M+2H2O+H]+ for 



11 

 

[NiL2Cl2]·6H2O (11), [M+H2O+3H]+ for [CuL2(OH2)]Cl2·0,5H2O (12) and [M-2Cl+O+H]+ 

for [ZnL2]Cl2·H2O (13). 

The IR spectra provide informations concerning both condensation process and ligands 

(macrocyclic, oxoanion or acetate) coordination. 

The 1H RMN spectrum of complex [ZnL2]Cl2·H2O (13) shows signals that can be assigned to 

the protons of secondary amine (2.07 ppm), ethylene (2.67 ppm), methylene (3.06 ppm) and 

pyridyl groups (7.66-9.09 ppm) respectively.  

The electronic spectra indicate that the metal ions adopt several types of stereochemistry such 

as octahedral for Ni(II) complexes and square–pyramidal for Cu(II) complexes [32]. These 

conclusions are confirmed by both the values of the magnetic moments and the values of the 

crystal field parameters for octahedral Ni(II) complexes.  

 

Fig. 6. Electronic spectrum of complex [Cu2L
2(CH3COO)](CH3COO)3·1.5H2O (19) 

 

It is worth to mention that in the electronic spectrum of complex 

[Cu2L
2(CH3COO)](CH3COO)3·1.5H2O (19) (fig. 6), that is characteristic for a square-

pyramidal stereochemistry, a new band that appear at 374 nm may be assigned to a 

simultaneous excitation of two copper ions from a dimmer species. This data is sustained by 

the EPR spectrum also [34]. 

The EPR spectrum of complex [(CuL2)2(CH3COO)](CH3COO)3·1.5H2O (19) displays the 

pattern for a rhombic distorted stereochemistry with gizo = 2.233 and a signal with low 

intensity at half field characteristic for dimmer species (fig. 7). 
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Fig. 7. Powder EPR spectrum of complex [(CuL
2
)2(CH3COO)](CH3COO)3·1,5H2O (19) 

 

The electrochemical behavior of the ligand and complexes [NiL2Cl2]·6H2O (11), 

[CuL2(OH2)]Cl2·0.5H2O (12) and [ZnL2]Cl2·H2O (13) studied by cyclic voltammetry provided 

information concerning reduction and oxidation processes and indicates the fact that the 

complexes with hexaazamacrocyclic ligand have a different behavior  [33].  

Taking into account the results provided by the analytical and physico-chemical methods it 

were proposed the coordination for complexes (11)–(20), presented in figure 8. 
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2
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H
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O

O

N
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X

X

H

H

 
[ZnL

2
(NO3)2] (18), [ZnL

2
(CH3COO)2] (20) 

(CH3COO)3

H

HH

H

H

H

N N

N N

Cu N

N

O

O

N

N

O

O
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N

O

O

N
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NN
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H

 
[(CuL2)2(CH3COO)](CH3COO)3·3H2O (19) 

Fig. 8. The coordination proposed for the complexes (11) – (20) 

 

The complexes were also tested to determine the antimicrobial activity on pathological strains 

Gram negative (Pseudomonas aeruginosa 1397, Escherichia coli ATCC 25922 and 714, 

Klebsiella pneumoniae 2968, Enterobacter cloacae 61R), Gram positive (Staphylococcus 

aureus 0364, Bacillus subtilis 12488, Enterococcus faecalis ATCC 29212) and fungal strains 

Candida albicans 249 şi 10231. In the case of bacterial strains, complexes exhibit a good 

activity against B. subtilis, with a MIC value of 250 µg mL-1 for [CuL2(OH2)]Cl2·0.5H2O 

(12), [ZnL2]Cl2·H2O (13), [NiL2(ClO4)2]·6H2O (14), [ZnL2(NO3)2] (18) şi [ZnL2(CH3COO)2] 

(20) and  125 µg mL
-1

 for compound [NiL
2
Cl2]·6H2O (11). For compound 

[CuL2(OH2)]Cl2·0.5H2O (12) was also observed a good activity against fungal strains C. 

albicans 10231 with a MIC value of  62,5 µg mL-1 and C. albicans 249. 

All the species that can inhibit the growth of microorganisms also have the ability to inhibit 

their adherence to inert substratum at the inhibitory concentration. 

All the copper compounds were tested for cytotoxicity and the results showed that the 

cytotoxicity on Hep 2 and HT 29 cells was enhanced for complexes [CuL
2
(OH2)]Cl2·0.5H2O 

(12) and [CuL2(OH2)](NO3)·5H2O (17), which showed an increase of cells blocked in the G2 / 

M phase, and the appearance of a subpeak associated with apoptosis.  
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II.3. Synthesis of Ni(II), Cu(II) and Zn(II) complexes with pentaazamacrocyclic ligand 

derived from 1,2-phenylenediamine and nicotinamide 

 

This part of the thesis describes the synthesis of 12 new complexes by template condensation 

of nicotinamide, 1,2-phenylenediamine and formaldehyde as presented in Scheme 3.  

M: Ni, Cu, Zn
X: Cl, ClO 4, NO3, 

    CH3COONa2S - MS

X2  nH2O.

  +  2CH2O  +  

NH2N

O

M(phen)2X2  nH2O.

OH
-
/H3O

+
t °C

H2N NH2

H2N NH2

M X2  nH2O.

H

H

N N

N N

M N

O

O

N

N

N

H

H

H

H

N N

N N

N

O

O

N

N

N

H

H

 

Scheme 3. The condensation reaction between nicotinamide, 1,2-phenylenediamine and formaldehyde in 

presence of metal salts 

 

The formulation proposed for complexes [NiL
3
]Cl2·4.5H2O (21), [CuL

3
]Cl2 (22), [ZnL

3
Cl2] 

(23), was confirmed by the data provided by thermal analysis. Using this method, it was 

observed that complexes (22) and (23) are anhydrous, while the other compound contain 

water molecules (Fig. 13 a and b). After water molecule elimination the oxidative degradation 

of the macrocyclic ligand occurs in one or two steps with generation the metallic oxide as 

residue  [25].  
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a b  

Fig. 9. The derivatograms of the complexes (21)–a and (22)–b 

 

In the ESI-MS spectra for ligand and complexes [NiL3]Cl2·4.5H2O (21), [CuL3]Cl2 (22), 

[ZnL3Cl2] (23) were identified peaks that correspond to molecular ions [NiC28H21N8O2+2CN]2+, 

[CuC28H22N8O2Cl+CN]
+
 and [ZnC28H19N8O2]

2+
. The ligand fragmentation generates [C9H19N6]

+
 

(m/z: 211,10) and [C7H5N2O]+, (m/z: 133.10) that appear in the spectra of all complexes (fig. 10). 

 

Fig. 10. ESI-MS spectrum of compound [NiL
3
]Cl2·4.5H2O (21) 

 

The condensation process is confirmed by the data obtained from IR spectra. This method 

offers additional information concerning the presence of anions as ligands (e.g. 

[CuL
3
(CH3COO)2]·H2O (31)) or as free ions (e.g. [NiL

3
(OH2)2](NO3)2·4H2O (27)) [26-31]. 

In the ligand 1H RMN spectrum were observed corresponding signals for the protons of 

ethylene, methylene, pyridyl and phenyl groups respectively. The signal assigned to protons 

from the secondary amine is downfield shifted, indicating the coordination of this group to 

metal ion [27]. The 13C NMR spectra show the characteristic signals for all carbon atoms 

from the backbone of the macrocyclic ligand. 

The electronic spectra of the complexes indicate that the metal ions adopt different 

geometries: octahedral for complexes [CuL3(ClO4)2]·2H2O (25), [NiL3(OH2)2](NO3)2·4H2O 

(27) and [CuL
3
(CH3COO)2]·H2O (31) and square–planar for the rest of the compounds [32]. 
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The square-planar stereochemistry proposed for Ni(II) complexes is are confirmed by the 

diamagnetic behaviour of these complexes. 

The powder EPR spectra at room temperature of the Cu(II) complexes confirmed the  

proposed  geometry. The EPR spectra of complex [CuL3](NO3)2·6H2O (28)  reveals an 

isotropic without hyperfine structure (fig. 11) 

 

Fig. 11. Powder EPR spectrum of complex [CuL3](NO3)2·6H2O (28) 

 

The redox properties of the ligand and complexes [NiL3]Cl2·4.5H2O (21), [CuL3]Cl2 (22), 

[ZnL3Cl2] (23) were studied by cyclic voltammetry and the data obtained from this analysis 

indicates that the hexaazamacrocyclic ligand stabilizes better the oxidation state (II) of metal 

ions [33].  

Based on the results provided by the all analytical and physico-chemical data were proposed 

the coordination for complexes (21) – (32) as presented in Figure 12. 

H
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[NiL

3
]Cl2·4.5H2O (21), [CuL

3
]Cl2 (22), [NiL

3
](ClO4)2·6H2O (24) 

[CuL
3
](NO3)2·6H2O (28), [NiL

3
](CH3COO)2 (30),  

[ZnL
3
](CH3COO)2 (32) 

X2 
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N N

N N

M N
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N

N

N
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H

H

 
[ZnL

3
(OH2)2](ClO4)2·4H2O (26), [NiL

3
(OH2)2](NO3)2·4H2O 

(27), [ZnL3(OH2)2](NO3)2·4H2O (29) 
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N
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[ZnL

3
Cl2] (23), [CuL

3
(ClO4)2]·2H2O (25), 

            [CuL
3
(CH3COO)2]·H2O (31) 

Fig. 12. Proposed coordination for complexes (21)-(32) 

 

The ligand and the complexes were tested against pathological strains in order to assess the 

antimicrobial activity. The results show that the complexes from this set have a better activity 

then the free ligand against a large number of bacterial strains. It was observed a good 

antifungal activity for compound [ZnL3(OH2)2](ClO4)2·4H2O (26) with a MIC value  62.5 µg 

mL
-1

 in case of C. albicans 10231.  

All the species that can inhibit the growth of micro-organisms also have the ability to inhibit 

adherence of microorganisms to inert substratum at the inhibitory concentration and also in 

case of E. faecalis ATCC 29212 where the complex [ZnL
3
(OH2)2](ClO4)2·4H2O (26) inhibit 

the adherence to inert substratum at 62.5 µg mL
-1

. 

The complexes [CuL3]Cl2 (22), [ZnL3Cl2] (23), [ZnL3(OH2)2](ClO4)2·4H2O (26) and 

[ZnL3](CH3COO)2 (32) were investigated with the aim to determine the anti-inflammatory 

activity. These studies in rat acute inflammation induced by dextran, and kaolin showed anti-

inflammatory effect for the [CuL3]Cl2 (22) comparable with that of diclofenac. 

All the copper compounds were tested for cytotoxicity assay and the results showed that the 

cytotoxicity activity on Hep 2 and HT 29 cells was higher for complexes [CuL3]Cl2 (22) and 

[CuL3](NO3)2·6H2O (28), which presented an increase of cells blocked the G2 / M, and the 

appearance of a subpeak associated with apoptosis. 

 

II.4. Synthesis of Ni(II), Cu(II) and Zn(II) complexes with acyclic ligand derived from 

ethylenediamine and 2-thioxo-4-thiazolidinone 

 

This section presents the synthesis of three new complexes by template condensation of 

ethylenediamine, 2-thioxo-4-thiazolidinone and formaldehyde in presence of Ni(II), Cu(II) 

and Zn(II). It was observed that during the condensation the 2-thioxo-4-thiazolidinone 
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hydrolyze and the thyoglicolic acid represent the nucleophile involved in condensation 

(scheme 4). 
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Scheme 4. Synthesis of complexes (33)-(35) their proposed formulation 

 

The formulation proposed for [NiL4(NCS)]2·H2O (33), [CuL4SCN]2·9H2O (34) and 

[ZnL4NCS]·0.5H2O (35) based on chemical analysis was confirmed by the data obtained from 

the thermal analysis. The TG and DTA curves evidenced the crystallization nature of water 

molecules, the steps required for degradation of the organic ligand and thiocyanate 

respectively (Fig. 13 a and b) [35, 36]. 

a b  

Fig. 13. The derivatograms of the complexes (32)–a and (34)–b 

 

The complexes formulation was confirmed also by the ESI-MS data by identification the 

molecular ions as [M+CH3CN]+  for compound [NiL4NCS]2·H2O (33), [M+H]+ for 

[CuL
4
SCN]2·9H2O (34), and [M+H]

+
 for [ZnL

4
NCS]·0.5H2O (35). 



19 

 

The IR spectra provide information concerning the condensation process and the coordination 

mode of thiocyanate as unidentate (e.g. [ZnL4NCS]·0.5H2O (35)) or as bridge (e.g. 

[NiL
4
NCS]2·H2O (33)) [26-31].  

In the 1H RMN spectrum of complex [ZnL4NCS]·0.5H2O (35) were observed corresponding 

signals for the protons from the primary and secondary amine at 5.76 and 1.90 ppm, ethylene 

and methylene at 2.69 ppm and 3.25 ppm and SH group at 1.25 ppm [27].  

The electronic spectra of the complexes suggest the octahedral environment of metallic ions 

[32], sustained by the value of the magnetic moments for Ni(II) complex and by EPR 

spectrum for Cu(II) complex. The value 1.42 BM for the magnetic moment of the Cu(II) 

complex suggest an interactions between paramagnetic centers at room temperature. 

EPR spectra of Cu(II) complexes reveal information concerning both local surrounding of 

metal ion and monomeric or dimeric structure. The X-band EPR spectrum of powder complex 

(2), shown in Fig. 14, exhibits at room temperature an asymmetric, large signal with gev = 

2.14, characteristic to an orthorhombic distorted local symmetry for copper ion. On lowering 

the temperature to 100 K the EPR spectrum corresponds to an axial symmetry (gll = 2.33, g⊥ = 

2.09). The double integration of EPR signal is proportional to sample magnetic susceptibility. 

Thus, its temperature dependence evidences the magnetic behaviour. Inset Fig. 14 is presented 

The inverse of double integrated intensity of EPR spectra versus temperature. The linear fit 

correspondence to a weak antiferromagnetic coupling between copper(II) ions.    

 

 

Fig. 14. X-band EPR spectrum of complex [CuL
4
SCN]2·9H2O (34); inset of figure is given the temperature 

dependence of inverse double integrated intensity  

 

The antimicrobial activity of the compounds was tested against pathological strains isolated 

from clinical and reference strains, such as E. coli, K. pneumoniae, P. aeruginosa, S. aureus, 
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C. albicans and B. subtilis and the results showed a very good antimicrobial activity for 

complexes [CuL4SCN]2·9H2O (34), with a MIC value of 1.95 µg mL-1 in the case of P. 

aeruginosa 1246.  

 

Conclusions 

 

• The chapter that presents the original scientific research of the thesis describes the 

synthesis and characterization of 32 new complexes of Ni(II), Cu(II) and Zn(II) with penta- 

and hexaazamacrocyclic ligands functionalized with nicotinamide and three new complexes 

with an acyclic ligand functionalized with 2-thioxo-4-thiazolidinone. All of them were 

screened for biological activity on various bacterial and fungal strains and tumor cell 

cytotoxicity on Hep 2 and HT 29.  

• Complexes were synthesized by condensation reaction, from systems that contain 

metallic ions, triethylenetetramine / ethylenediamine/ o-phenylenediamine, formaldehyde and 

nicotinamide / 2-thioxo-4-thiazolidinone. Three macrocyclic ligands have been isolated from 

one of these complexes by treatment with sodium sulfide. 

• The characterization of the complexes and ligands were based on data provided by 

elemental chemical analysis, thermal analysis, ESI-MS, electronic, IR, EPR, 1H NMR, 13C 

NMR spectroscopy, magnetic susceptibility and cyclic voltammetry at room temperature. 

ESI -MS Mass spectroscopy confirmed the proposed formulation for the ligands and 

complexes by comparing the m/z values observed in the mass spectra with the molecular 

weight of fragments resulted. 

• In the case of chloride and acetate type complexes the thermal analysis confirmed the 

proposed formula, the nature of water molecules, the thermal stability of the compounds and 

provided information concerning the steps corresponding to the thermal degradation as well 

as the thermal effects that accompanies them. IR spectrum and the powder X-ray diffraction 

confirmed the composition of the residue that consisted from metal oxide.  

• The information supplied by IR spectra indicated that the azamacrocyclic ligands 

(coordinated through nitrogen atoms of secondary amine groups to metal ions) were formed 

through condensation reaction.  

• 
1H NMR and 13C NMR spectra have provided useful information about the ligands 

and diamagnetic complexes of Zn(II), confirming the nature of the protons and carbon atoms 

from functional groups of ligands.  
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• Electronic spectra correlated with the values of magnetic moment at room temperature 

have offered information about the oxidation state and the stereochemistry of Ni(II) and 

Cu(II) ions in corresponding complexes. 

• EPR spectra confirmed the proposed stereochemistry for Cu(II) complexes. 

• Voltammetric studies revealed the quasireversible reduction of the ligands due to 

carbonyl groups. In the case of complexes have been identified waves associated with redox 

couples Ni(II)/Ni(III), Ni(I)/Ni(II) and Lred/L for nickel compounds, Cu(II)/Cu(I) and 

Cu(I)/Cu(0) for copper compounds and Zn(II)/Zn(0) for zinc complexes). All the data from 

the cyclic voltammograms concluded that the azamacrocyclic ligands generated stable 

compounds compared with the solvated species. 

• Antimicrobial tests were performed in order to determine minimum inhibitory 

concentration (MIC) and the influence of the tested compounds on the formation of microbial 

biofilms on inert substratum. It was observed that complexes were more active than the 

ligand. The species with hexaazamacrocyclic ligands derived from 1,2-phenylenediamine 

were more active against a large number of strains compared to complexes with ligands 

derived from ethylenediamine and triethylenetetramine. This behaviour may be correlated 

with their increased lipophilicity associated with the hydrophobicity of the benzene ring, 

which allows a simple transport through lipid membrane of pathogenic microorganisms. 

• Complexes [CuL3]Cl2 (22), [ZnL3Cl2] (23), [ZnL3(OH2)2](ClO4)2·4H2O (26) and 

[ZnL3](CH3COO)2 (32) were tested in order to assess the inflammatory activity and the results 

indicate that the complex [CuL3]Cl2 (22) possess a good anti-inflammatory activity. 

• Cytotoxicity tests showed that the integrity of the cells membrane of Hep 2 and HT 29 

were destroyed by the Cu(II) compounds manifested by percent of cells blocked in the mitotic 

phase and in some cases the appearance of apoptotic cells was observed. 
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