W Durham
University

AR

Durham E-Theses

Binding and Detection of Anions Using Tripodal
Hosts

TODD, ADAM,MITCHELL

How to cite:

TODD, ADAM MITCHELL (2010) Binding and Detection of Anions Using Tripodal Hosts, Durham
theses, Durham University. Available at Durham E-Theses Online: http://etheses.dur.ac.uk/329

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk


http://www.dur.ac.uk
http://etheses.dur.ac.uk/329/
 http://etheses.dur.ac.uk/329/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk

Binding and Detection of Anions
Using Tripodal Hosts

A thesis submitted for the fulfillment of the requirements for the degree of
Doctor of Philosophy

In the faculty of Science of Durham University
by
Adam Mitchell Todd

Department of Chemistry
Durham University
South Road

Durham

2010

“I may not have gone where I intended to go, but I think I
have ended up where I needed to be.” - Douglas Adams



Binding and Detection of Anions Using Tripodal Hosts

ABSTRACT
ACKNOWLEDGEMENTS
1. INTRODUCTION

BACKGROUND

ELECTROSTATIC ATTRACTION

NEUTRAL HYDROGEN BOND INTERACTIONS
ANION RECEPTOR FRAMEWORKS

ORGANIC FRAMEWORKS
METAL-TEMPLATED RECEPTORS

AIMS
1.5 REFERENCES
2. FLEXIBLE TRIPODAL ANION RECEPTORS
2.1 AIMS
2.2  ANION BINDING STUDIES
2.3  CATION-RECEPTOR INTERACTIONS
2.4  SUMMARY
2.5  EXPERIMENTAL DETAILS
2.6  REFERENCES
3. RIGID TRIPODAL ANION RECEPTORS
3.1 AIMS
3.2  ANION BINDING (ALCOHOL) BY IH-NMR SPECTROSCOPIC METHODS
3.3  PH EQUILIBRIUM STUDIES
3.4  ANION BINDING (CATION) BY UV/VISIBLE SPECTROSCOPIC METHODS
3.5  SUMMARY
3.6  EXPERIMENTAL DETAILS
3.7  REFERENCES
4. METAL-TEMPLATED ANION RECEPTORS
4.1 AIMS
4.2  METAL-BASED RECEPTORS
4.3  ANION BINDING STUDIES
4.4  SUMMARY
4.5  EXPERIMENTAL DETAILS
4.6  REFERENCES
5. OCTAHEDRAL METAL-TEMPLATED TRIPODAL RECEPTORS
5.1 AImMs
5.2  ANION BINDING STUDIES
5.3 PHOTOMETRIC STUDIES
5.4 SUMMARY
5.5  EXPERIMENTAL DETAILS
5.6 REFERENCES
APPENDICES
LIST OF ABBREVIATIONS

INSTRUMENTAL DETAILS

—2 -

102
108
114
116
122

123

123
128
132
141
143
146

147

147
153
162
170
171
179

181

181
182



Binding and Detection of Anions Using Tripodal Hosts

Abstract

The aim of this project was to investigate the anion-binding properties of a range of
different receptor compounds. For the most part, the receptors reported here were
tripodal in nature, wherein three hydrogen-bonding receptor groups, including amines,
amides and ureas, are linked around a common structural core. In this study, a range
of different cores were chosen, such as simple and flexible organic frameworks based
on the tris(2-aminoethyl)amine (tren) precursor, conformationally-restricted and
brightly coloured aromatic species based on the dye pararosaniline, and triply-ligated
metal complexes of ruthenium(II).

In order to assess the anion binding abilities of these receptors, a range of different
techniques were employed, with '"H-NMR and UV/Visible spectroscopic titrations
being the most common. Additionally, the incorporation of fluorescent pyrene
moieties as a reporter group to some of the receptors allowed for the probing of anion
binding via fluorimetric titrations in these cases.

During the course of the experiments, a number of interesting, and in some cases,
unexpected, binding conformations were found — in particular, the interactions
between many of the organic receptor compounds with the planar 1,3,5-
benzenetricarboxylate (trimesylate) trianion, and the pH dependency of the colour of
the pararosaniline-based receptors. Additionally, the range of cyclic thioether-capped
ruthenium(II) receptor compounds reported here showed an unusually high resistance
to degradation by solvent and guest when compared to similar receptors with
aromatic-capped ruthenium, and successfully gave tripodal ML; complexes instead of

the traditionally more stable ML, X dipodal complexes.
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1. Introduction

1.1 Background

The presence or lack of certain anionic species can have a detrimental effect on both
health and the environment, and as such the ability to detect and perhaps influence
anions within systems is desirable. The human body is dependent on anions (indeed,
DNA is a polyanion) and an imbalance in the concentrations of these anions can lead
to the development of a wide variety of medical complaints — for example, cystic
fibrosis is a condition that is identified by the reduced ability of the body’s cells to
maintain a consistent chloride concentration.! Environmentally, many anions are
viewed as contaminants, and efforts to remove them, or at least detect their presence,
are driving the development of new and more effective anion sensors and receptor
compounds.” There are a number of factors to consider, such as how do we attract
the anion? How do we prove that the receptor has bound the anion? There are a
number of answers to each question, and many of these will be discussed here. An
obvious first step is to look at the various methods commonly used to attract and bind

the anion.
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1.2 Anion Binding Modes

1.2.1 Electrostatic Attraction

Perhaps the most obvious way to attract a negatively-charged species is by using a
positively-charged receptor. One of the ways that this can be achieved is by
protonation of an existing basic species within the receptor compound, typically a
nitrogen lone pair. This technique has been used effectively by Park and Simmons,’
who were among the first to detect anion encapsulation within katapinand azacages —
tripodal cages consisting of two tertiary amines linked together by three aliphatic
organic chains of varying length. Protonation of the amine nitrogen atoms using an
acid such as HCI gives a dication with a chloride anion encapsulated within the cage
(Figure 1.1). The selectivity towards anions in these cages is dependent on the size of

the cavity, as anions which are too large are unable to fit inside the capsule.

Figure 1.1 — General structure of katapinand azacages.
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Linear biological polyamines have been well documented as anion receptors, showing
a high affinity for phosphate and more complex polyanions even in water.’
Combining the studies into azacages and their ability to encapsulate a guest well via
coulombic attraction, and the idea that a polyammonium species is a good anion
receptor, it becomes a logical step to combine as many ammonium functionalities as
possible around a central receptor pocket, in order to maximise the attractive forces
between host and guest. A range of macrocyclic polyammonium receptors were
synthesised by Dietrich and Lehn with progressively larger, and thus more nitrogen-
rich, cavities (Figure 1.2).*° Their studies, combined with others on similar
macrocyclic systems, indicated that the anion binding was driven primarily by
electrostatic attraction, with the larger and more charged hosts showing increased
stability constants in the majority of case. Little selectivity between anions is present,
likely due to the inherently high flexibility of the host, which can fairly easily fold

into a suitable shape for whatever guest species is present with little change in energy.
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12
N 4/\ N N/\>
N N H H + + +
E\H Hﬁ NH HN Anion | [1.1].6H" | [1.2].8H" | [1.3].6H
NH HN <: :> Oxalate” 3.8 3.7 4.7
QH H\J NHH HHN Sulphate” 4.0 4.0 45
L (\/N N\/7 Fumarate® | 2.2 2.9 2.6
k) Squarate” 3.2 3.6 34
Citrate” 4.7 7.6 5.8
1.3 (\N N/w Trimesylate™ 3.5 6.1 3.8
H H Co(CN)" | 3.9 6.0 3.3
(0 03 AMP* | 34 4.1 4.7
N N ADP* 6.5 7.5 7.7
ATP* 8.9 8.5 9.1
" o)
N N

Figure 1.2 — Structure of azacrown macrocycles 1.1, 1.2 and 1.3, with a table of

stability constants (log K values determined from pH titration methods in water).®

Following on from this work, Lehn then returned to the original idea of macrobicyclic
systems developed by Park and Simmons, synthesising a range of cryptands, but with
replacement of the hydrocarbon chains from the original studies with additional amine

groups (Figure 1.3).101

These cryptands, in acidic pH, undergo expansion by the
electrostatic repulsion of the protonated ammonium groups, a process which allows
the guest to enter. The anionic guest is bound by a mixture of electrostatic interaction
and hydrogen bonding, with the latter being more important for the spherical halide

ions than for the ellipsoidal anions, such as azide and dicarboxylates, which are a

better fit for the pseudo-elliptical cavity formed by the receptor.
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H2
Aty
C\\H 42% JNJ n=23

Figure 1.3 — Bicyclic azacryptands.

This method of protonated nitrogen-containing host compounds presents a significant
limitation however: the host:guest system must be under rather acidic conditions, in
order to ensure that all of the amino groups are fully protonated. Since pK, values are
dependent on the solvent system, it is extremely difficult to predict how the
behaviours will change in different conditions, where fewer protonation sites are
occupied. In an attempt to counteract this problem, Schmidtchen designed and
synthesised the pseudo-tetrahedral quaternary ammonium hosts 1.4 and 1.5 (Figure
1.4)."* 1t was hoped that these hosts would prove to be effective anion receptors,
despite the lack of hydrogen bond donor groups, and indeed this was found to be the
case, with a wide range of anions able to fit well in the cavity within the host, with
internal diameters estimated as 4.6A and 7.6A for 1.4 and 1.5 respectively. Indeed,
considering that the ionic radius of iodide is approximately 2.2A, it was found that
iodide in particular was an excellent guest for the smaller 1.4, such that the host
proved effective as a preferential transport for iodide across a membrane even in the

.1 14
presence of chloride.

-9 --



Binding and Detection of Anions Using Tripodal Hosts
Introduction
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Figure 1.4 — Quaternary ammonium hosts.

The biggest difficulty faced by the use of primarily electrostatic interactions in host-
anion chemistry is that often they lack a significant energetic driving force to
association within the receptor. Much of the favourable energy change gained by
complexation of the anion within the receptor cavity is balanced by the negative effect
caused by the need for the anion to be desolvated before association can occur. Since
many of the systems mentioned above are water-soluble, often the guest species is
highly solvated by water molecules, so binding to the host, if it happens at all, is
typically just as likely to occur on the outer surface of the host as within the cavity,
since this binding mode reduces the need for desolvation to occur.

More effective cationic receptors result when the host relies less on purely
electrostatic interactions, but also incorporates directionality by including some
hydrogen bond donor groups. Extensive work by Sessler et al. has looked at the use

® using the innate

of oligopyrroles such as porphyrin and various analogues,"
preorganisation of the planar ring system as the basis for their hosts. Over the course
of their studies, they were able to synthesise the di-protonated sapphyrin species 1.6,

and found it to be an excellent receptor for fluoride,"” which was found to be the only

anion of sufficiently small size to be included inside the plane of the ring. Other
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anions, such as chloride and bromide, also bind to the receptor, but are too large to

form the desired inclusion complex.

Figure 1.5 — Di-protonated sapphyrin 1.6.

Other groups have also borrowed ideas from Nature by the use of guanidinium as a
receptor group.”’ The guanidinium group is used in many enzymes as a binding
group, particularly for many oxoanions, thanks to its ability to form two parallel
hydrogen bonds to any guest species. This ability, coupled with the positive charge
inherent to the guanidinium group, makes for an excellent anion binding species.
Lehn continued his studies on macrocyclic systems by looking at the effect of
incorporating guanidinium binding groups into the ring system” and found that
complexation of anions, in particular phosphate, was driven primarily by electrostatic
interactions. Further studies into the macrocyclic receptors 1.7 and 1.8 confirmed
this, as the selectivity of the anion binding is dependent on the charge density of the

anion.?

- 11 --



Binding and Detection of Anions Using Tripodal Hosts
Introduction
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Figure 1.6 — Macrocyclic guanidinium receptors.

Others, such as Hamilton® and Gébel** have opted for simpler receptor compounds,
synthesising cleft-shaped bis-guanidinium receptors based around a basic aryl or alkyl
spacer group (Figure 1.7). These compounds have excited particular interest as
enzyme mimics, with rate enhancements of 300 times being observed for 1.9% and
almost 5000 times being observed for 1.10%° in transesterification reactions compared
to the uncatalysed reaction. These bis-guanidinium receptors also show superior
catalytic behaviour over mono-guanidinium receptors, showing the improved
complexation that can arise as a result of multiple binding groups leading to
cooperative binding. In an attempt to design a receptor with even greater cooperative

binding ability, Anslyn synthesised 1.11,”

and found that it showed significantly
higher binding constants for phosphates than the more conformationally flexible

hosts.
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/H H\ /H H\
NH, NH, <\N D (\N D
HN )§N+,H |-|\N+J\NH2 ,‘IKNWH Ho# N N)%NWH Ho# N
H H H H
o) o)
1.9 1.10 1.11

CO,Et
Figure 1.7 — Bis-guanidinium receptors.

Another way of creating a host compound with a cationic binding site is to
incorporate a metal centre in some way. An effective way to achieve this is found by
considering the system in a similar way to the aforementioned protonated hosts
(Figures 1.1 - 1.4). For example, the azacrown ethers and cryptands shown earlier
(Figures 1.1 — 1.3) can, in their basic form, be used to complex metal cations instead
of protonation. Such systems then present an electropositive void at their centre,
sandwiched between metal sites. The bis(tren) systems prove particularly effective at
this arrangement, with the four amine nitrogen atoms in an ideal arrangement to

complex to a metal such as copper, generating a cryptand such as 1.12.%*

H,/ >0~ \ H

(N\ ) /:—> 1.12

N—Cu Cu N

v/

yN H\.__O.__ _/H N,

N oS

Figure 1.8 — Cu(Il)-containing cryptand 1.12.
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This system showed excellent affinity for chloride, which is a good fit for the
intermetallic spacing, and is believed to bind in bridging mode, since replacing one of
the metal ions with two protons (thus maintaining the total charge) leads to a
significantly weaker binding constant with chloride.

Another technique useful in incorporating a metal as part of the binding site is the use
of cobaltocene or ferrocene. Cobaltocene ([Co(Cp),]) (Cp = cyclopentadienyl, CsHs")
is the cobalt-containing analogue of ferrocene (Fe(Cp),), and is of virtually identical
size and shape. Both are redox-responsive, particularly cobaltocene, which is more
stable in the d° electronic configuration as cobaltocenium, containing Co(IIl).
Incorporation of this species into the binding site of a receptor is synthetically easy,
and allows for the metal centre to act as a redox probe. The positive charge of
cobaltocenium is a useful anion-binding feature, although it alone is not sufficient to
lead to any significant anion binding, with strong binding requiring the additional
support of hydrogen-bonding groups. A number of cobaltocenium-containing
receptors have been reported, the simplest being the bis-phenylamido compound 1.13
(Figure 1.9) synthesised by Beer.”” This receptor uses the cobaltocenium unit as a
structural feature, as well as taking advantage of the positive charge to assist in anion
complexation. Similarly, the same group reported the related tripodal cobaltocenium
receptor 1.14,% this time using a simple aryl scaffold with the cobaltocenium groups
incorporated as part of the receptor’s arms. These systems were found to bind to
anions in solvents such as acetonitrile or dimethyl sulphoxide, though they gave low

binding constants and thus poor selectivity between anions.
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1.13 % HN 1.14
e

Figure 1.9 — Cobaltocenium-based receptors.

An interesting technique to incorporate a metal site into an anion receptor was

employed by Atwood et al’'>’

By taking macrocyclic cycloveratrylenes and
calixarenes, which are ordinarily poor anion receptors due to their high electron
density, and complexing metal fragments to the aromatic rings, it was possible to
create an effective anion binding pocket within the bowl-shaped cavity inherent in
such macrocycles (Figure 1.10). Upon coordination of the metal, typically ruthenium
or iridium, electron density is drawn from the ring to the metal by m-metal
interactions. This leads to a more electropositive central cavity which, in combination
with the positive charge provided by the coordinated metal ions, proved extremely
useful in the complexation of anions via anion-m interactions. Complexation of
anions was found to occur via the cup form, with oxoanions such as trifluoromethane

sulphonate (CF3SOj3") binding with the hydrophobic region turned to the bottom of the

cavity, exposing the hydrophilic anionic region to the solvent.’’
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4+

1.15

Figure 1.10 — Macrocyclic cycloveratrylene receptor 1.15.

Anion binding using cationic receptors can be a powerful method, but in many cases,
the electrostatic interactions alone are insufficient to encourage strong binding, as
evidenced by the fact that many of the examples mentioned here are more complex
macrocycles and cryptands. Those systems which show the highest affinity for anions

typically contain more than just a positive charge in the binding site.

1.2.2 Neutral Hydrogen Bond Interactions

An alternative to receptor compounds based on a charged species is to employ a
neutral receptor design. In this case, the receptor usually relies on hydrogen bonds
alone to bind to a guest species, which can be advantageous since there is no need to
consider the counter ion that is associated with a cationic receptor. The most common
functional groups used in neutral anion receptors are amines, amides, ureas and
thioureas. While less commonly used, amines represent the simplest form of neutral
anion receptor. Primary amines in anion receptors are rare, as an amine is typically a

more basic functional group and so make for better hydrogen bond acceptors than
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donors. More common is the use of a secondary amine, especially when one or both
of the substituents are electron-releasing. Perhaps the most common bonding group
used in this case is pyrrole. Pyrrole is unique compared to other amines since the lone
electron pair of the nitrogen can be delocalised into the ring system, thus being less
available to accept a hydrogen bond. For example, Cheng and coworkers synthesised
the tripodal receptor 1.16 (Figure 1.11) and studied its anion binding properties.’*
They found, as expected, that 1.16 showed a higher affinity for more basic anions

such as H,PO4 and F~ due to the higher acidity of the pyrrolic N-H group.

X NH
Y
N N~/
H
\ |
Figure 1.11 — Tris(pyrrole) receptor 1.16.

Others have incorporated the pyrrole moiety into a macrocyclic receptor. Work by
Sessler demonstrated the synthesis and anion binding properties of the calix[4]pyrrole
1.17 (Figure 1.12) which was found to bind fluoride selectively in dichloromethane
solution.”® Later work on 1.17 showed that this selectivity was very much dependent
on the nature of the solvent, with the selectivity for fluoride lost in changing the

solvent from dichloromethane to absolute acetonitrile.*®
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Figure 1.12 — Calix[4]pyrrole 1.17.

Far more effective than most amines as anion receptors are those functional groups
which contain more acidic hydrogen atoms, since more acidic hydrogens are stronger
hydrogen bond donors. This can be achieved by functionalising the amine to an
amide or urea, wherein the neighbouring carbonyl is able to delocalise the nitrogen
lone pair. Because of the lower basicity of the nitrogen atom caused by this effect,
amide and urea-based receptors are significantly more common. Anion receptors
using amides as the binding group have been well documented,’” and a large variety
of compounds have been reported, while the urea is attractive since it contains two
parallel hydrogen bond donors, in a similar fashion to the guanidinium group
discussed earlier.

Throughout the history of anion binding chemistry, it has been noted that the urea
moiety is an excellent hydrogen bonding group for carboxylate anions.’®* The
structurally simple bis(4-nitrophenyl)urea 1.18 (Figure 1.13) was synthesised in order
to test the stability of this interaction.*’ Following the complexation of acetate by
UV/Visible absorption spectroscopy, it was possible to observe a distinct red shift of
the absorption profile of the urea upon addition of acetate, to a maximum shift of
~50nm at a 1:1 stoichiometric ratio of urea:acetate. This shift was accompanied by a

change in colour from pale to bright yellow. The more basic the anion, the greater the
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change in colour — addition of fluoride to a solution of the receptor shows a two-step
process: First, the colour deepens to yellow-orange as the first equivalent of fluoride
is bound to the urea, forming a [ligand-H->F] complex. Second, the colour deepens
further to a dark red-orange as one of the N-H groups is deprotonated by a second

equivalent of fluoride, leading to the formation of a [ligand>HF,]* complex.*'

1) 1) 1i1) 1v)

N~ N
H H ‘
1.18 j

Figure 1.13 — Bis(4-nitrophenyl)urea 1.18, and the colour changes observed upon
addition of various anions in acetonitrile: i) 1.18 + 1 equiv. acetate; ii) Free 1.18; iii)

1.18 + 1 equiv. fluoride; iv) 1.18 + 2 equiv. fluoride.”!

Similarly, Gunnlaugsson et al. reported the synthesis of the urea-functionlised
phenanthroline receptor 1.19 (Figure 1.14).** Rather than probe the anion binding
through visible colour brought about by a change in absorption, this group observed
the changes in the innate fluorescence emission of the phenanthroline functionality. It
was found that 1.19 could strongly bind to a range of anions in solution, but showed a
particular selectivity for chloride, since chloride led to the formation of a 2:1
host:guest complex in acetonitrile solution. Following the addition of anions to the
receptor by fluorescence spectroscopy, it was noted that anions such as acetate,
dihydrogen phosphate, and fluoride caused a quenching of the fluorescence band upon

binding by photoinduced electron transfer between the trifluoro-p-tolyl group and the
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fluorophore. The interesting result was found when chloride was the anion. In this
case, quenching did not occur, but instead an enhancement in the fluorescence
emission was observed, suggesting that the intramolecular quenching mechanism is

disfavoured upon binding to chloride.

F 1.19

-

Figure 1.14 — Phenanthroline-based fluorescent sensor.

These systems highlight quite effectively the usefulness of the urea as an anion
receptor group, and also contain inbuilt reporter functionality, allowing a visible
response to binding of an anion. However, it seems obvious that a single urea (or
amide) is not likely to be as effective an anion receptor as a host containing multiple
binding groups. Gale and coworkers synthesised a series of amide and urea-based
ditopic receptors (1.20 and 1.21, Figure 1.15) and studied their anion coordination
potential.*’ Anion binding studies in deuterated dimethylsulphoxide containing trace
H,0O showed that the bis-urea 1.21 confirmed the significantly higher selectivity for

carboxylates over any other anion, while the amide 1.20 did not show the same effect.

Figure 1.15 — Ditopic receptors 1.20 and 1.21.
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In a similar fashion, Reinhoudt and colleagues developed the ditopic bis-urea receptor
1.22 (Figure 1.16).** This receptor contains a greater degree of core flexibility than
the receptors reported by Gale and coworkers, with additional iso-propyl groups to
increase solubility in organic media. Binding studies performed in DMSO showed
the highest affinity for dihydrogen phosphate, with no binding observed for weaker-
binding anions such as chloride under these conditions.”* In the same study,
Reinhoudt’s group expanded the receptor system to a number of tetrakis-urea receptor
compounds, ranging from the acyclic, pincer-style receptors of general form 1.23 to
the macrocyclic receptors generalised as 1.24 (Figure 1.16). Both of these expanded
receptor series showed increased binding affinity for all anions in DMSO, indicating
that complexation to an anion is enhanced by the addition of more binding groups

within the cleft or binding pocket of a receptor.
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©iNH HN:© ©:NH HN:©
(0] fIlH Hl}l
X X ]
X =C5H7, C¢Hs or SO,C¢Hs
Y = m-C¢Hy4 or (CH3),

Figure 1.16 — Model receptor compound 1.22, and tetrakis-urea acyclic receptors 1.23

and macrocycles 1.24.*

Gale and coworkers expanded their earlier work on the bis-urea receptor 1.21 along a
similar line by increasing the number of urea functionalities present. Receptors 1.25
and 1.26 (Figure 1.17) were reported and share structural features in common with the

parent compound 1.21.*
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Figure 1.17 — Expanded tetrakis-urea receptors 1.25 and 1.26.

Anion binding studies with these compounds revealed that complexation to
dicarboxylate anions leads to the formation of hydrogen-bonded molecular tapes in
the solid state.*® This highlights another important property of amide-containing and
particularly urea-containing compounds — their natural ability to self-associate. The
polarity and often high degree of planarity of an amide or urea lend them the ability to
effectively hydrogen-bond to a neighbouring amide or urea, leading to the formation
of long hydrogen-bonded chains, or tapes. An excellent overview of the self-
assembly properties of these functional groups was written by Chang et al, who
explored in detail the extent of the interactions and assemblies that could be formed
through such interaction by structural analysis.*’ It has been found that the formation
of these one-dimensional intermolecular hydrogen bonds can lead to gelation of

. . 48-51
many amide and urea containing compounds,**”

and we have also reported that
interference of such linear interactions through the use of sterically hindering groups

in proximity to the urea can have interesting and unexpected consequences on the

nature of the assembly produced.’>
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1.3 Anion Receptor Frameworks

Since we have detailed the types of anion receptor group, and already suggested that
the inclusion of more binding groups leads to more effective anion receptors, it seems
a logical progression to discuss some of the ways in which the functional groups can
be incorporated into a receptor compound. Many of the examples already discussed
rely on a pair of binding groups to enhance binding to a single anion in two
dimensions, but it has also been shown that often three-dimensional receptors show
even greater binding ability. As many of the common anions are spherical or
tetrahedral, the ability of a receptor to surround such anions plays an important role in
the binding process. There are two ways to construct a polytopic anion receptor —
through the use of covalently-synthesised organic cores, or self-assembly around a

metal centre.

1.3.1 Organic Frameworks

The formation of an anion receptor based around an organic core is perhaps the
simplest to achieve synthetically. Often, functionalisation of an amine to a urea or
amide is synthetically facile. Kim and coworkers sought to synthesise a series of
anion receptor ‘tweezers’ based around the steroid chenodeoxycholic acid, making
use of the high capability for functionalisation of the natural product.”
Functionalisation of the alcohol groups with urea-containing alkyl chains gave a

series of compounds of general form 1.27 (Figure 1.18).
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Figure 1.18 — Chenodeoxycholic acid-based receptors.

Anion binding studies showed consistent formation of a 1:1 host:guest complex with
all of the common anions (halides, acetate, H,POy’), indicating that the arms of the
receptor are close enough in space to successfully interact simultaneously with the
same anion, yet are sufficiently flexible to bind in such a manner irrespective of the
size of the anion. Binding to acetate was, for the most part, disfavoured over binding
to chloride 