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ABSTRACT

Syntnesis and physico-chemical studies of polyamide macrocyclic metal complexes.

By

Getinet Ashagrie

Advisor: Prof. Mohammad Shakir

The synthesis of bis(macrocyclic) complexes bearing tetraamide groups has been achieved by

template condensation reaction between propylenediatnine, formaldehyde, benzidine, and succinic
acid in the molar ratio of 4:4:1:2, respectively. The appearance of four characteristic amide bands and
two single sharp bands corresponding to u(N-H) of secondary of secondary amine and coordinated
amide groups at their appropriate positions and the absence of bands assignable to primary' amine and
hydroxyl group in the IR spectra strongly suggest the formation of the proposed macrocylic
framework. The assigned band positions in the electronic spectra of Co(II), Ni(II) and Cu(II) confirm
their octahedral geometry'. However, the low molar conductivity' values indicate their lion-electrolytic
nature. The results of elemental analyses agree well with the proposed stoichiometry' of the
bis(macrocyclic) complexes.

A new series of polyamide macrocyclic complexes have also been prepared by' condensation reaction

of hydrazine hydrate and succinic acid with metal ion in 4:4:1 molar ratio, respectively'. The
diagnostic amide bands appearing at their appropriate positions and two single bands corresponding
to u(N-H) of coordinated amide and uncoordinated amide group and non-existence of uncondensed
bands corresponding to primary' amino and hy'droxyl groups provide enough evidence for the
formation of the proposed macrocyclic structure. Two major peaks, a broad signal in the region 8.0-
8.8 ppm and a broad signal in the region 2.3-3.2 ppm in tire NMR spectrum of the zinc(II) complex
corresponding to amide group protons (CO-NH, 8H) and methylene protons of dicarboxylic moiety
(CO-(CI Qj-CO, 16H) further conoborates the proposed macrocyclic framework. The band positions
hi the electronic spectra of Co(II) and Cu(II) and conductivity'data supported their final geometry'. The
stoichiometry' has been confirmed on the basis of elemental analysis.
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1. INTRODUCTION

The field of macrocyclic chemistry has been a vast area of research and study. The

innumerable work done by countless researchers comprising of hundreds of papers and

reviews, many patents about the coordination chemistry of macrocyclic ligands cannot be

confined to few pages.

Macrocyclic ligands have traditionally been divided into two classes, those with oxygen

donors, such as the crown ethers and cryptands [1] and the nitrogen donor macrocycles [2],

The sulfur-donor macrocycles [3] resemble the nitrogen donor macrocycles more closely in
their coordinating properties and thus grouped with them. The division into oxygen donor

macrocycles on the one hand and nitrogen donor macrocycles on the other has been derived

based on selection of metal ions for complexation. The oxygen donor macrocycles tend to

complex well with metal ions such as the larger alkali and alkaline earth metal ions and the

larger-post transition metal ions such as Pb(II), T1(I) or Hg(II). The nitrogen macrocycles

complex well with transition metal ions, as well as the post-transition metal ions. The sulfur

donor macrocycles are weakly complexing with all metal ion, but complex best with the

same group as the nitrogen donor macrocycles.

Macrocyclic ligands and their complexes in general have the following characteristics [4],

(a) They can stabilize unusual oxidation states that are not normally readily attainable.

(b) A marked kinetic inertness both to the formation of the complexes from the ligand

and metal ion and to the reverse, the extrusion of the metal ion from the ligand.

(c) They have high thermodynamic stability and formation constants. For example the

formation constants of (N4) macrocycles is of greater order than the formation
constants for non-macrocyclic (N4) ligands [5], termed as the macrocyclic effect .

1
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(d) Functional groups can be systematically introduced into macrocycles without much

difficulty.
(e) The donor atom members and ring sizes can be successively altered, so that the basic

skeleton can be easily optimized.

The macrocyclic effect is both enthalpic and entropic in origin. The donor atoms are

constrained near the required coordination sites in the macrocycles therefore, the ligand is
pre-strained to suggest additional stability compared with the non-macrocycle. The
macrocyclic effect is best understood by the thermodynamics of the metal complexation

reactions [6],

There are two factors that govern the complexation of metal ions by macrocyclic ligands.

These are the origin of the macrocyclic effect [7] that is the extra thermodynamic stability

shown by complexes of macrcocycles compared to those of their open chain analogues, and

the selectivity displayed by macrocycles for metal ions. Two aspects of metal ion selectivity

of macrocycles are of importance. These are the preference of some metal ion types to bind

with oxygen donor macrocycles or with nitrogen donor macrocycles and selectivity for

metal ions on the basis of their sizes, i.e., size match selectivity, that means a macrocyclic

ligand will complex best with metal ions that fit most closely into the cavity size of the

macrocycle.

The thermodynamic macrocyclic effect is the extra stability observed in complexes of

macrocycles as compared with their open-chain analogues, and correspond to the
equilibrium:

[M(open-chain)]n+ + macrocycle ^
w [M(macrocycle)]n+ + open-chain

where “ open-chain” refers to the open chain analogue of the macrocyclic ligand .

2



The macrocyclic efffect was first noted by Cabbiness and Margeruni [7 ] in complexes of
tetrazamacrocycles as compared to their open chain analogues. It was concluded [8] that the

macrocyclic effect arose entirely from a favorable enthalpy contribution. There have been

several suggestions [7,8] on the origin of the macrocyclic effect. Factors that have been
considered to play a role are:

1) preorganization (prestraining, preorientation, and multijuxtapositional fixedeness)
of the ligand, in the sense of the free ligand having a limited number of conformers,

some of which have structures that are similar to the conformation required to
complex the metal ion.

2) desolvation of the donor atoms in the confined space of the macrocyclic cavity .
3) intrinsic basicity effects due to electron releasing (inductive) effects of ethylene

bridges between donor atoms; and
4) enforced repulsion between the lone pairs of the donor atoms in the cavity of the

macrocycle, which is relieved on complex formation.

The ideas suggested under effect one, all carry the intuitively appealing idea that the entropy

of the free macrocyclic ligand is lower than that of its open chain analogue. In addition,

there is less steric strain involved in taking the macrocycle from its minimum energy

conformation in the free ligand to those conformations required in the complex, than is

found to be the case for the open chain analogue.

The chemistry of macrocycles containing nitrogen, sulfur, and oxygen atoms have been

studied widely mainly with multidentate macrocycles. Multidentate macrocyclic ligands are
cyclic molecules consisting of an organic framework made up of heteroatoms which are
capable of interacting with a variety of metal species. It is now well established that macro-
cyclic molecules containing the binding centers as [N4], [N6], [N 8], [N 40 2], [ N 4S 2] and
[N2S2] display unique and exciting role in that they can stabilize unusual higher oxidation
states of metal ions.

3



I

It is often difficult to predict with confidence the relative binding preference of many
polydentate ligands, particularly multi-donor ligand systems, towards particular metal ions
because of the number of the variables, such as nature of the donor atoms, number and size
of the chelate rings formed, flexibility of the system, relative position of the donor atom
and the nature of the ligand backbone. For macrocyclic systems, the macrocyclic ring size

is another parameter. Thus, the cyclic ligands have additional stereochemical constrains
which may influence metal ion binding and hence thermodynamic discrimination.

The recognition of the importance of the complexes containing macrocyclic ligands has led
to considerable effort being invested in developing reliable and inexpensive synthetic routes
for these compounds [9], These macrocycles which contain varying combinations of aza (N),

oxa (O), phospha (P) and sulfa (S) ligating atoms can be tailored to accommodate specific

metal ions by fine tunning of the ligand design features, such as the macrocyclic hole size
nature of the ligand donors, donor set, donor array, ligand conjugation, ligand substitution,
number and sizes of the chelate rings, ligand flexibility and the nature of the ligand
backbone. The different types of the macrocyclic ligands are particularly exciting because

of the importance in generating new areas of fundamental chemistry and many opportunities
of applied chemistry.

4


























































































