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Abstract

Chapter 1 is general introduction to DNA and the secondary structures that it forms,

leading into an introduction to ruthenium-based polypyridyls and their application as

secondary structure probes.

Chapter 2 discusses the DNA interactions of mer-, trans,fac-, and cis,fac-[Ru(bqp)2]2+. This

explores the photophysical changes that occur upon DNA binding and the discovery that

the cis,fac- isomer behaves as a light switch with DNA. It explores the specificity of this

isomer and its two enantiomers (D and L) to i-motif DNA. This culminates in a hypothesis

for the unique light switching mechanism caused by the steric and electronic interactions

with DNA, rather than solvent exclusion.

Chapter 3 explores the synthesis of various bqp analogues. Here the discovery of a new

synthetic route for the high yielding synthesis of cis,fac-[Ru(bqp)2]2+ that also enables the

synthesis of heteroleptic bqp complexes, is also discussed, as well as the application of

this synthetic route to the synthesis of facial bqp-containing complexes that incorporate

metals other than ruthenium.

Chapter 4 discusses the results of a high-throughput screen using in silico and biophysical

techniques with a library of 1584 molecules and an i-motif forming DNA sequence. The

correlations between these three techniques is discussed as well as identification of the

hits that are produced by each one.

Chapter 5 summarises Chapters 2, 3 and 4, and explores the future work that this project

could take.

Chapter 6 describes the experimental procedures used in Chapters 2, 3 and 4.
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1. Introduction

1.1. DNA Structure

Since Watson and Crick proposed that DNA secondary structure is a double-helix with the

bases on the inside, the phosphates on the outside, and stabilised by hydrogen bonds be-

tween nucleic acids, the investigation into DNA’s secondary structure has not stopped.1–4

Their discovery in 1953, along with evidence presented by Franklin and Wilkins,5,6 con-

firmed, by the use of X-ray crystallographic techniques, the secondary structure of DNA

for the first time. These three components are found in equimolar amounts with the

phosphoric acid residue bound to the ribose sugar at the 50position (Figure 1.1).7

Figure 1.1: Structure of a 5’- DNA monomer displaying a phosphate group and sugar group where R is the heterocyclic
base

Monocyclic pyrimidines and bicyclic purines form the bases present in nucleic acids.

Pyrimidines consist of a 6-membered heterocycle with a nitrogen at the 1 and 3 position,

whereas purines consist of both 5 and 6-membered rings containing a nitrogen at positions

1, 3, 7 and 9 (Figure 1.2).

The positions of the donor and acceptor groups within the bases leads to the com-

plementarity of their Watson-Crick pairing. Cytosine (C) possesses two acceptors and

one donor, while guanine (G) contains two donors and one acceptor. Similarly, adenine

(A) contains one donor and one acceptor, while thymine (T) contains one donor and two

acceptors. In 1950, Chargaff coined his famous rule after observing the molar contribution

of C and G to be equivalent in a number of different DNA sequences, with the same obser-
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