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Abstract

Described here is the synthesis and coordination chemistry of various ligands,
LY + LY. Some of the ligands presented form interesting supramolecular

assemblies upon reaction with selected metal ions.

Chapter 1 provides a general introduction to supramolecular chemistry and self-

assembly.

Chapter 2 introduces a new class of potentially hexadentate symmetrical
ligands, L' +L°. These ligands consist of two tridentate binding sites separated
by a 1,3-phenylene spacer unit. Reaction of L' with Zn(ll) ions results in the

10* " within the structure all

formation of a pentanuclear circular helicate [Zns(L")s]
five zinc ions are six-coordinate arising from coordination of two tridentate
domains from two different ligand strands. This structure was shown to exist in
both the solid state and in solution. Incorporation of various enantiopure units
allowed variation of the terminal functional group of the ligand, L? +L°. These
ligands, upon coordination with Zn(ll) ions, were shown to from supramolecular
assemblies analogous to the pentanuclear species observed for L*. Additionally
these ligands were shown to be diastereoselective, controlling the resulting

supramolecular architecture giving up to 80% diastereomeric excess.

Described in Chapter 3 are a number of potentially hexadentate N-donor
ligands, L® + L. Each ligand possesses the same thiazole-pyridyl-pyridyl
tridentate domains, with variation of the spacer unit. Upon coordination with
selected transition metal ions these ligands resulted in the formation of
dinuclear species. Reaction of L° with Cd(ll) results in the formation of a
dinuclear double helicate, in which the two tridentate domains coordinate each
PHWDO LRQ DQG WKH OLJDQGV WZLVW LQ WKH
arrangement. However, reaction of L° with Co(ll) results in the formation of a
dinuclear meso-helicate, in which the ligands adopt a side-by-side
configuration. This difference in structure is attributed to unfavourable steric
interactions which prevent the formation of the Co(ll) double helicate. Reaction

FHQWU I



of two of these ligands L'°, which possesses an ethylene glycol chain, and L™,
containing an amine group, with Cd(Il) and camphorsulfonic acid results in the
formation of a heteroleptic one-dimensional chain. Hydrogen bonding
interactions between the protonated amine of L' and the glycol chains of L™
results in a structure which contains both of these meso-helicate structures in
an extended one-dimensional arrangement (([Cda(L°),][Cd2(L**-H)2])(CIO4)10)n.

Chapter 4 reports the synthesis of three ligands, L' +L'", each containing the
same central phenol unit, and either a hydroxyl, pyridine or pyridine-N-oxide
terminal unit. Reaction of each ligand with various trivalent lanthanide ions
results in the formation of a dinuclear double helicate. In each structure the
central phenol unit is deprotonated and bridges the two lanthanide ions giving
[LoMo]*. LY, which possesses the pyridine-N-oxide as the terminal group,
effectively encompasses the cations minimising access for the coordination of
any anions or solvent molecules. Photophysical measurements show that this
ligand forms emissive complexes with a number of lanthanide ions, whilst the
magnitude of the lifetime for [(L'"),Yb2]** ( 4 21.0 B) suggests that both Yb(lIl)

ions are well-shielded from excited state quenching phenomena.
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1. Introduction

1.1 Supramolecular chemistry

Supramolecular chemistry is a vast area of research; as such it is difficult to
give a precise definition. However, Jean-Marie Lehn, seen as one of the
fouQGLQJ IDWKHUV RI VXSUDPROHFXODU FKHPLVWU\ UFE
molecular assemblies and of the intermolecular bond, more commonly quoted
DV uFKHPLVWU\ EH\RQ&THhE Kitdy BeRiD HifmplistiE! Hut allows
interpretation and adaptation to incorporate all possible architectures from the
many disciplines (physical chemistry, inorganic chemistry, organic synthesis,
computational chemistry and even biochemistry) which have contributed to this

maturing research field.?

The key feature of supramolecular chemistry is the use of reversible
intermolecular interactions for the generation of the final architecture. In
comparison to classical molecular chemistry, which is focused on the making
and breaking of strong molecular bonds (covalent bond) providing new
molecules,® supramolecular chemistry takes these preformed molecules and
through intermolecular interactions provides a structure which is greater than
the sum of its parts.*

1.1.1 Foundations of supramolecular chemistry

The very beginning of supramolecular chemistry is hard to define exactly. It is
generally accepted that the main developmentV ZHUH DFKLHYHG 1 Q WKH
from this time research in this field has expanded exponentially. Early work
focused on macrocyclic ligands for coordination of metal cations. The principles
of these systems were researched by groups Curtis,® Jager,” Busch® and
Pederson,’ providing the foundations for future development. Also worth a note

here for their contributions to this emerging field are Cram and Lehn.



Pederson is known for creating crown ethers as well as Lehn who introduced
the structurally similar cryptands.’® Cram further modified these systems to give
ligands that were more pre-organised for cation binding becoming known as
spherands™! (figure 1.1). This initial research introduced principles of selective
recognition of cations based on ion and shape as well as pre-organisation of
ligands. Pederson, Lehn and Cram were recognised for their contributions to
this field being awarded the Nobel Prize in 1987.

7
L
(o

Pederson: 18-crown-6 Lehn; [2.2.2] cryptand™® Cram: Spherand!

Figure 1.1 Early macrocyclic ligands in supramolecular chemistry

1.2 Supramolecular interactions

Reversible intermolecular interactions are implemented, as opposed to covalent
bonds, in the assembly of components in supramolecular systems.
Intermolecular interactions may be attractive as well as repulsive, which means
for the most stable complex to form the components must possess a
complementary arrangement of binding sites. There is an enormous range of
forces which can potentially be employed by the supramolecular chemist. The
main ones of note are electrostatic interactions (ion-ion, ion dipole and dipole-
dipole), hydrogen bonding and & stacking interactions. However the
interactions between the components do not occur in isolation so other factors

may also influence the system, for example solvation.*?



1.2.1 lon-ion interactions

lonic bonding is comparable in energy to covalent bonding. In basic terms the
formation of an ionic bond results from the loss of an electron from a metal to a
non-metal forming ions of opposite charge, leading to electrostatic attraction. A
well-known example is NaCl, which is composed of an ionic lattice of Na* ions
surrounded by CI ions in the solid state (figure 1.2). This type of interaction is

rarely seen in supramolecular chemistry.

CHLORIDE ION SODIUM ION

el /Nat

Figure 1.2 lon-ion interactions®®

1.2.2 lon-dipole interactions

There are numerous examples in supramolecular chemistry of ion-dipole
interactions. An ion-dipole force occurs when an ion interacts with a polar
molecule. The complexes of crown ethers and alkali metal cations are a perfect
example to illustrate this type of interaction (figure 1.3); here the oxygen lone

pairs are attracted to the positive charge of the potassium ion.

Figure 1.3 Example of ion-dipole interaction



1.2.3 Dipole-dipole interactions
Association of one dipole with another can be useful for bringing molecules into
alignment. Organic carbonyl compounds are good examples that exhibit this

type of interaction (figure 1.4).

Me
5 Me Me
/ /*
/* \O--------------"'X(
Me o |

Figure 1.4 Dipole-dipole interactions in carbonyls

1.2.4 Hydrogen bonding

Hydrogen bonding is considered as a special example of dipole forces. This
occurs when a hydrogen atom which is attached to an electronegative atom (for
example nitrogen) is attracted to a dipole in an adjacent molecule or functional
group (figure 1.5). This bonding is highly directional and relatively strong whic