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Abstract

This thesis describes the development of homogeneous catalysts containing receptor elements which
are capable of participating in reversible bonding interactions with groups bearing complementary
functionality. This approach is amenable to combinatorial chemistry, and could facilitate catalyst
development processes which are conventionally expensive and time-intensive. To date, the
implications of reversible supramolecular interactions in anthropogenic organometallic catalysis are

not widely understood.

Simplified pyridyl-borate ligands were prepared to simulate the behaviour of a larger target system
composed of a 6,6-boronic acid-2,2’-bipyridyl unit. Such a framework harnesses the power of
reversible covalent bonding between boronic acids and diols. The reactivity of ortho and meta-pyridyl
model ligands was investigated and knowledge gathered as to the hydrolytically unstable nature of
the ortho-pyridyl borate moiety.

A macrocyclic ligand (HsLen), formed via an aza-Michael ring-closing reaction between N? N®-bis(6-
acrylamidopyridin-2-yl)pyridine-2,6-dicarboxamide  (Hs;LacrA) and ethylenediamine was
investigated as an appropriate framework for participation in supramolecular interactions. N*,N°®-bis(6-
methylpyridin-2-yl)pyridine-2,6-dicarboxamide (H,LMe;) was implemented as a model ligand with
which to assess the head group ligating properties of the macrocylic ring. Upon deprotonation of
H,LMe, two amidate nitrogens are made available for binding to a metal centre. A series of novel
iridium(ll) and rhodium(lll) complexes of LMe, were prepared and tested for activity in the transfer
hydrogenation of acetophenone using isopropanol. Appreciable activity was observed for
IrCl(py)2(LMe,) and IrCls(LMe,{H},) over the course of 24 hours, with 51 and 96% conversion of
acetophenone into 1-phenylethanol respectively. By comparison, the macrocyclic complex,
(HsLen)RuCl,(MeCN)(PPhs),, mediated 38% conversion into 1-phenylethanol after 16.5 hours.

In pursuit of a second macrocyclic system bearing a bisbenzimidazolium tail, a simplified model ligand
of 1,1'-(pyridine-2,6-diylbis(methylene))bis(3-methyl-1H-benzo[d]imidazol-3-ium)
trifluoromethanesulfonate ([dmp(bzim{Me}),][OTf],) was prepared. Upon deprotonation with
silver(l) oxide base a silver(l) NHC (N-heterocyclic carbene) was formed. This species was found to
be an efficient intermediate by which palladium(ll), rhodium(l) and iridium(l) dimethylpyridine
bisbenzimidazol-2-ylidene complexes could be reached. Whilst providing a prelude to the target
ligand, the rhodium(l) and iridium(l) NHCs were also found to be effective catalysts in the

hydrosilylation of phenylacetylene using a range of silanes.

With the information gleaned from the model complex studies, the target ligand
[HiL(CoHyg)2(bzimy{macro})][Br]. was prepared via an aza-Michael ring-closing reaction between



Hs,LacrA and 2,6-bis((1H-benzo[d]imidazol-1-yl)methyl)pyridine (dmp(bzim),)). Subsequent
mercuration of the ligand afforded  two rare mercury(Il) NHC  complexes
[H4L(C2H4)2HgBr2((NHC){macro})], and [HsL (C,H4).Hg((NHC),{macro})][HgBr,], the latter of which
was characterised by an X-ray diffraction study. Both of these materials demonstrated transmetalation
to produce the macrocyclic pincer complex [HsL(C,H4).PdBr((NHC),{macro})][PFs]. Preliminary
investigations were made into the activity of the macrocyclic palladium pincer NHC in the Heck-
Mizoroki C-C coupling reaction between bromobenzene and styrene. While conversion into stilbenes
after 24 hours was determined to be negligible with the macrocyclic complex alone, the inclusion of
additives such as 2-amino-6-methyl pyridine dramatically increased substrate conversion to 84.2 (+

3.0)%. Subsequent analysis provided insight with regard to the nature of the active catalyst.

The novel ligand [H4L(CyHs)2(bzimo{macro})][Br]. and its NHC metal derivatives represent an
innovative approach to homogeneous catalyst design which operates in proximity to receptor

elements present within the macrocyclic ring.
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