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bstract

This review describes the self-assembly of anion receptors from organic ligands and transition metal ions. These metal-assembled anion receptors
an be synthesised from a number of different species; bidentate ligands with metals that prefer octahedral coordination geometries and monodentate

igands with metals that prefer square planar geometries are common. Anion binding transition metal helicates and systems where the coordination
f metal ions results in the formation of an anion receptor by conformational locking are also reported. The effect of anion binding on the different
roperties of these complexes is discussed.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Over the past decade a vast number of different synthetic
ystems which are capable as acting as receptors to a range of

ifferent anions have been reported. These anion receptors vary
onsiderably and can be organometallic, organic-metallocene,
orphyrin or just solely organic frameworks. However, the use

∗ Tel.: +44 1484473759; fax: +44 1484472182.
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010-8545/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.ccr.2006.05.017
f transition metal ions to assemble anion receptors has received
uch less attention. This assembly of receptors is attractive

ecause as long as suitable ligands are available, or capable of
onstruction, self-assembly/coordination about a metal centre
ill result in the formation of a cavity capable of anion bind-

ng. Thus, the often simple act of coordination can result in the
ormation of highly organised and complex systems.
Although there are a number of different examples of metal-
ssembled anion receptors there are two main classes which
ave attracted the majority of attention. Firstly the formation
f a C3 or quasi-C3 symmetric anion binding cavity, produced

mailto:c.r.rice@hud.ac.uk
dx.doi.org/10.1016/j.ccr.2006.05.017
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Fig. 1. [Ru(1)3]2+ anion receptor.
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y coordination of an octahedral metal by bidentate ligands
ubstituted with units capable of acting as hydrogen bond
onors (commonly bipyridine or analogous ligands substituted
ith either protonated amines or amides). These cavities have
een shown to bind a large range of different anions and can
iscriminate between ions on the basis of size, shape and charge.

The second type of metal-assembled anion receptors is based
n complexes formed between mono-dentate ligands bearing
ttached anion-binding functionalities and a metal ion with a
reference for square planar coordination geometry. As, gen-
rally, the ligand is derived from a 3-substituted pyridine, four
istinct conformations of the receptor can be formed: firstly the
one where all four substituents point in the same direction, the
artial cone where three of the substituents point in one direction
nd the fourth in another and the 1,2- and 1,3-alternate where cis
r trans pairs of substituents are orientated in the same direction
n each side of the metal square plane. Studies show that the
ctual conformations formed both in solution and the solid state
re dependent upon what type of anion is bound. It is this last
rea, namely the ability of the anion to non-innocently interact
ith the host, which is increasingly attracting more attention,
ith examples of anions controlling both the isomers present
ithin the host complex and the ligand recognition properties

eported.
Examples reported in 2001 by Beer and Gale beautifully

emonstrate that self-assembly of suitably substituted ligands
ith either Ru(II) or Pt(II) metal ions results in the formation
f complexes that are excellent anion receptors. Thus, reaction
f 2,2′-bipyridine ligand with amide substituents in the 5,5′-
ositions with RuCl3 gives, after purification, ruthenium(II)
ris(5,5′-diamide-2,2′-bipyridine) (1) [1]. The ligand coordi-
ates the metal ion resulting in a distorted octahedral geometry,
roducing a C3-symmetric cavity at each end of the molecule,
hich contain three amide functional groups each capable of

orming hydrogen bonds to anions (Fig. 1). The selectivity of
hese assembled receptors to anions is dependant on both the sol-
ent medium and the substituents present on the amide groups.
hus, the nitrate versus chloride selectivity can be modulated
y changing the ratio of the CH2Cl2:MeOH solvent mixture or
hanging the lipophilicity of the amide substituents. Creating
similar type of receptor but with only one receptor cavity at

ne end of the complex is non-trivial, as reaction of “Ru(II)”
ith a mono-substituted ligand (e.g. 5-amide-2,2′-bipyridine)

ill result in both mer- and fac-isomers. The formation of the

er-isomer is favoured on both statistical and steric grounds

nd does not possess the required C3-symmetric “amide cavity”.
his problem can be resolved by using a tripodal ligand system 2
hich sufficiently reorganises the ligand such that only the fac-

f
s
p
o

Fig. 2. The potential anion receptor fac-[Ru(2)3]2+.

somer is formed [2]. The tripodal organising group can be eas-
ly removed and subsequent reaction gives a fac-ruthenium(II)
5-amide-2,2′-bipyridine) complex (Fig. 2), which due to it’s
imilarly to the ruthenium complex 1 should act as an efficient
eceptor to anions, although as yet no anion binding properties
re reported.

In the example reported by Gale the anion receptor is formed
y reaction of nicotinamide with PtCl2(NCEt)2 resulting in the

2+
ormation of a square planar [PtL4] complex 3 [3]. In the solid
tate the structure adopts a 1,2-alternate conformation with cis
airs of amide substituents pointing above and below the plane
f the platinum metal ion (Fig. 3). Association constants show
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Fig. 3. [PtL4]2+ complex showing a 1,2-alternate conformation.

hat this self-assembled receptor is an effective host for a vari-
ty of anions, with the tetrahedral or pseudo tetrahedral anions
ound in a 1:1 receptor:anion ratio, where as planar biden-
ate anions are bound in a 1:2 receptor:anion ratio highlighting
ow the shape of a receptor can influence its ability to bind
ons. Interestingly the binding of acetate ions to this complex
n a mixture of CD3CN and DMSO (1:9) displays a positive
llosteric effect where K2 is more than twice that of K1. Pre-
umably in solution the complex can adopt a variety of different
onformations rather than just the 1,2-alternate observed in the
olid state. However, upon binding of the first acetate ion the
emaining unbound amides will adopt the 1,2-alternate confor-
ation creating a binding unit which is an ideal match for acetate

ons.

. Anion receptors from octahedral metals

.1. 5,5′-Disubstituted-2,2-bipyridine-based systems

There are a number of examples of other anion recep-
ors formed by reaction of suitably functionalised bidentate
igands with metal ions that adopt octahedral coordination
eometry. The formation of tris-coordinated mononuclear com-
lexes results in the self-assembly of an anion-binding pocket.
or example, the l-valine or l-alanine 5,5′-disubstituted-2,2-
ipyridine ligands 4a and 4b reacts with Fe(II), Co(II) and
o(III) in dilute HCl forming the �-M(L)3 complex diastere-
specifically [4]. The formation of such a complex results in
he self-assembly of an anion binding cavity as each substituent
s present in a C3-symmetric arrangement at both ends of the
olecule. The X-ray crystal structure of the iron(II) complex

f 4a reveals that the amine groups are protonated and form

ydrogen bonds to chloride ions bound within each cavity. No
nion binding was detected in water for both the iron(II) and
obalt complexes of 4a but constants of 60 and 24 M−1 are
bserved in methanol for the binding of chloride ions to the

o
o
b
t

eviews 250 (2006) 3190–3199

ron(II) and cobalt(II) complexes, respectively. In both cases
he complexes form diastereoselectively, regardless of whether
hloride ions are present, as long as the amines are protonated.
H NMR and CD studies show that at high pH this selectiv-
ty is not observed with d.e.’s of 33 and 64% for Fe2+ and
o2+, respectively. Complexes of the alanine-substituted lig-
nds [Fe(4b)]2+ and [Co(4b)]2+ showed that even at low pH, and
ence where the amide substituents are protonated, a mixture of
iastereomers is formed. This decrease in selectivity is presum-
bly as a consequence of the less sterically demanding methyl
ubstituents [5].

This ability to form complexes diastereoselectively when
rotonated and bind chloride anions has some interesting con-
equences when studying ligand recognition properties. Thus,
eaction of Co2+ with the amide substituted ligand 5 and
,2′-bipridine (in the ratio 2:3:3) results in the formation of
ight different species; both � and �–diastereomers of the
omoleptic species [Co(5)3]2+ and [Co(bipy)3]2+ as well as both
iastereomers of the heteroleptic species [Co(5)2(bipy)]2+ and
Co(5)(bipy)2]2+. Protonation of the amide substituents results
n a decrease in the dynamic combinatorial library as this leads
o the formation of only the � isomer in any of the ligand 5-
ontaining complexes ([Co(5H2)3]8+, [Co(5H2)2(bipy)]6+ and
Co(5H2)(bipy)2]4+). Addition of chloride ions to these proto-
ated complexes sees a further decrease in the number of species
esulting in sole formation of the homoleptic species [Cl2⊂�

Co(5H2)3]6+ and � and �– [Co(bipy)3]2+. Thus, reaction of
he neutral ligands with Co2+ results in the formation of eight
ifferent species but upon addition of HCl results in only three
pecies [6].

Janiak and co-workers have shown that 2,2′-bipyridine
igands containing carbamate substituents have also been
hown to bind anions. Reaction of Fe2+ with the suitably
ubstituted ligand 6 forms the complex [Fe(6)3]2+ which
ontains a C3-symmetric cavity at each end of the molecule,
hich contains three carbamate functional groups each capable
f forming hydrogen bonds to larger anions. Single crystal
-ray studies of the sulfate, nitrate and perchlorate derivatives

how that the N–H functionality of the carbamate substituent is
nvolved in binding anions. In the case of the sulfate complex
his anion is encapsulated within only one of the cavities through
hree H bonds between its oxygen atoms and the three N–H
roups contained within the cavity. In contrast in the presence

f perchlorate the cationic host encapsulated two perchlorates,
ne in each cavity, although only one H-bond between the car-
amate and the oxygen atom of the perchlorate is observed. In
he case of the nitrate derivative again both cavities encapsulate
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NH donor unit on the pyrrole ring. It seems likely that binding
mode b will be stabilised by hydrogen bonding from the DMSO
solvent, which is a good hydrogen bond acceptor, to the NH
donor unit [10].
C.R. Rice / Coordination Chem

nions and only one H-bond between the carbamate and the
xygen atom of the anion is observed. Detailed examination of
he solid state structure indicates that the sulfate is bound more
trongly that the other two anions as not only are three N–H
nion interactions observed, compared with only one for both
itrate and perchlorate, but the sulfate has shorter N H· · ·O
ond distances and is sited deeper within the receptor cleft
7].

.2. Pyrazole-based systems

An unprecedented formation of a C3-symmetric anion recep-
or cavity from a monodentate ligand has been reported. Reac-
ion of 3,5-dimethylpyrazole and [Re(OTf)(CO)5] gives fac-
Re(CO)3(Me2pz)]+ (Me2pz = 3,5-dimethylpyrazole) which has
hree pyrazole ligands capable of hydrogen bonding to anions
n a facial arrangement around the rhenium metal centre. 1H
MR titration studies show that chloride ions bind the com-
lex in a 1:1 ratio (6385 and 4692 M−1 in MeCN for the
e2pz and 3(5)-tert-butylpyrazole complexes, respectively)

8].

. Anion receptors from square planar metal ions

.1. 3-Substituted pyridine-based systems

Loeb and Gale have shown that reaction of a urea substi-
uted isoquinoline ligand 7 with Pt2+ results in the formation of
n anion receptor. The resulting complex [Pt(7)4]2+ contains a
quare planar platinum centre coordinated by four isoquinoline
igands. Single crystal diffraction studies of the chloride adduct
how that the receptor adopts a 1,2-alternate conformation in
hich two pairs of adjacent urea groups form hydrogen bonds

o separate chloride anions resulting in a 1:2 receptor:anion
atio. Each chloride anion forms close interactions with four
–H donors, two from each urea functionality. This is supple-
ented by a C H· · ·Cl− hydrogen bond between the ligand

ramework and the anion. Interestingly in the presence of sul-
ate a 1:1 receptor:anion ratio results. In the solid state the
omplex adopts a cone conformation with all four ligands orien-
ated in the same direction with all four urea functional groups
orming NH· · ·O interactions with three of the sulfate oxygen
toms.

These anion dependant binding modes have a dramatic effect
n the stability constants between the complex [Pt(7)4]2+ and

arious anions. Thus, with the halides, which bind in a 1:2 recep-
or:anion ratio formed by either a 1,2- or 1,3-alternate arrange-

ent, constants of 11693, 1364 and 1431 M−1 are observed for
l−, Br− and I−, respectively, in DMSO solution. However, for

F
m

eviews 250 (2006) 3190–3199 3193

2PO4
− and SO4

2−, which form a 1:1 receptor:anion adduct,
onstants >105 M−1 are observed [9].

A similar platinum-containing system has been derived from
-(pyrrol-2-yl)pyridine (8) ([Pt(8)4]2+). The complex was shown
n the solid state to bind to two BF4

− anions by adopting a 1,2-
lternate conformation. The complex was also shown to strongly
ind anions in DMSO solution. However, although it might be
xpected that ions bind via the NH of the pyrrole unit (Fig. 4a),
H NMR studies showed large downfield shifts of the pyrrole
H proton indicating that at least in solution the binding of
nions is through the CH rather than the NH unit (Fig. 4b). The
nly exception is the basic carboxylate ions which bind to the
omplex via the NH donors. Interestingly the mode in which
he complex binds anions can be reversed, thus in DMSO the
omplex binds the methanesulfonate anion via both CH donors
n both the pyridine and pyrrole ring (Fig. 4b). If nitromethane
s used as the solvent the complex changes its binding mode
nd binds the anion via CH donors on the pyridine ring and the
ig. 4. (a) N–H anion binding mode of ([Pt(8)4]2+). (b) C–H anion binding
ode of ([Pt(8)4]2+).
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Fig. 5. (a) The 1:1 host guest species with [Pd2(11)2]2+ and triflate anions. (b)
The 1:3 host guest species formed with [Pd2(11)2]2+ and triflate anions.
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Reaction of Co2+ with the urea-containing ligand 9 results in
he formation of [Co(9)4(H2O)2]2+, with each of the pyridyl lig-
nds coordinating the cobalt centre in the equatorial regions with
he two axial positions occupied by water molecules. This com-
lex, in an analogous fashion to the Pd2+ examples, can adopt
series of different conformations. However, in the presence

f nitrate the structure adopts a 1,2-alternate conformation with
ach ligand interacting with a different nitrate anion. The cop-
er analogue [Cu(9)4(H2O)2]2+, where the four ligands again
ccupy the equatorial positions, also adopts a 1,2-alternate con-
ormation but in contrast to the cobalt species the nitrate anions
re bound by cavities formed by two pairs of ligands in each
omplex [11].

.2. Phosphine systems

The ligand 10 reacts with “PdCl2” to form initially the cis-
PdCl2(10)2] complex, with a 1:3 mixture of the cis/trans iso-
ers observed with prolonged reaction times. The solid state

tructure of this complex grown from DMSO solution shows
hat trans-[PdCl2(10)2]:2DMSO adduct results with each of the
rea units hydrogen bonding to a molecule of DMSO. Reac-
ion of this species with chloride ions results in the 1:1 species
rans-[PdCl2(10)2Cl]− which in the solid state shows that the
hloride ion is hydrogen bonded to all four urea hydrogen atoms.
nvestigation of the effect of anions on the catalytic properties
f a complex derived from 10 and Pd(0) dibenzylideneacetone
as carried out. However, the addition of anions had no observ-

ble effect on the catalytic activity and no asymmetric induc-
ion was observed when the chiral lactate anion was employed
12].

.3. Thiolate systems

The formation of an anion receptor results from the com-
lexation of [Pd(dppe)]2+ and the urea-containing ligand

SCH2CH2NHC( O)NHPh (11) giving the dinuclear com-
lex [Pd(dppe){�-SCH2CH2NHC( O)NHPh}]2]2+. The single
rystal X-ray structure of the triflate salt shows that one anion is
ncapsulated by the ureas from the two thiolate arms (Fig. 5a).

Fig. 6. (a) Assembly of the 1:1 host guest species with Ag+ and 12. (b) Assembly
of the polymeric host guest species with Ag+ and 12.
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Fig. 7. Diagrammatic representation of the

nterestingly the addition of sodium ions to the complex results
n a quite different receptor where the complex forms a 1:3 recep-
or anion species. Without sodium ions the complex forms a cav-
ty where the two urea H-bond donors bind the anion (Fig. 5a).
owever, addition of sodium ions results in the inversion of the
rea arms due to coordination of the cation by the urea oxygen
toms (supplemented by some Na· · ·� interactions), producing
divergent species (Fig. 5b). Each urea now binds one triflate

nion, with the third triflate coordinated to the sodium ion. In
MSO solution only a 1:1 receptor anion species was observed

13].

. Anion receptors from trigonal planar/linear metal
ons

Rather than resulting in the formation of discrete binding
nits, the anion binding cavities formed by reaction of the urea
ubstituted ligand 12 and Ag+ are controlled by the type of anion
resent. For example, reaction of 12 with AgNO3 gives a dis-
rete 1:1 host guest assembly where both ureas from the complex
ydrogen bond the nitrate anion (Fig. 6a). With triflate and sul-
ate polymeric structures result, with each anion surrounded by
n array of two or four urea groups (for triflate and sulphate,
espectively) all of which come from ligands attached to differ-
nt metals (Fig. 6b) [14].

p
o
t
s

ol of ligand recognition by nitrate anions.

. Anion receptors from helicate systems

.1. Pyridyl-thiazole ligands

Although most metal-assembled anion receptors are based
n mononuclear systems there are a few examples where tran-
ition metal helicate systems are employed. For example, the
yridyl-thiazole containing ligand 13 forms dinuclear triple heli-
ates with metals, as is common with this type of species, that
refer octahedral coordination geometry. Thus, reaction of 13
ith Co(ClO4)2 results in the helicate species [Co2(13)3]4+. The

olid state structure shows that the two Co2+ ions are coordi-
ated by three bridging ligands in a triple helical arrangement.
ue to incorporation of amide substituents the self-assembly
f the helicate species results in a C3-symmetric cavity con-
aining the amide hydrogen bond donors in a similar fashion
o mono-nuclear bipyridine complexes reported by Beer and
o-workers [1], Janiak and co-workers [7] and Williams and co-
orkers [4–6]. Interestingly in the solid state perchlorate anions

re encapsulated within both of the self-assembled cavities via
wo hydrogen bonding interactions between the oxygen atoms
f the perchlorate and –NH donors of the amides.

Reaction of this species with NO3
− anions results in dis-
lacement of the perchlorates. In the nitrate analogue all three
xygen atoms form hydrogen bonds to all three –NH donors of
he amides. Furthermore, the anion hydrogen bond lengths are
horter for the nitrate derivative and it is sited deeper within the
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eceptor cleft (av. Co· · ·NO3 4.42Å, Co· · ·ClO4 5.00 Å) indi-
ating that the binding of the nitrate anion is stronger than that
f the perchlorate. This stronger binding has interesting conse-
uences in ligand recognition studies. Reaction of Co(ClO4)2
ith the unsubstituted ligand 14 and 13 (in a 1.5:1.5:2 molar

atio) results in the formation of both homoleptic and het-
roleptic species [Co2(13)3]2+, [Co2(14)3]2+, [Co2(13)2(14)]2+

nd [Co2(13)(14)2]2+ in the ratio 1:1:3:3. The lack of any
igand–ligand recognition and thus the formation of a statisti-
al mixture of species is not surprising as both ligands contain
he same basic coordination domains. However, upon addi-
ion of nitrate anions, only the homoleptic species are formed
Co2(12)3]2+ and [Co2(13)3]2+ (Fig. 7). As a consequence of
ddition of nitrate anions, which have been shown to bind to the
mide receptor cavity more strongly than perchlorate anions, the
ormation of the anion receptor complex is now thermodynam-
cally favoured [15].

A similar type of effect is observed with the pyridyl-thiazole
igand 15. Reaction of this ligand with Co(ClO4)2 gives rise to
he dinuclear double helicate [Co2(12)3]2+. Due to the unsym-
etrical nature of the ligand produces both head-to-head-to-

ead (HHH) and head-to-head-to-tail (HHT) isomers in a ratio
:3 HHH:HHT. Presumably the predominance of the HHT iso-
er reflects the fact that unfavourable steric interactions between

he amide substituents are minimised in this isomer. Upon addi-
ion of nitrate anions to this helicate species 95% conversion to
he HHH isomer is observed. Thus, in the presence of perchlo-
ate both the C1- and C3-symmetric isomers result. However,
n the presence of nitrate, which interacts with the amide cav-
ty more strongly the major product is the C3-symmetric HHH
somer (Fig. 8) [16].

.2. Schiff base ligands

Reaction of the ligand 16 with Cu+ generates a dinuclear

ouble helicate [Cu2(16)2]2+. Each of the helicate units has two
ydroxyl units at each end of the assembly which act as alter-
ating donors and acceptors in the presence of the PF6

− anion,
esulting in an infinite chain (Fig. 9a). Addition of chloride ions

r
b

ig. 9. (a) Diagrammatic representation of hydrogen bonded helicate chain in [Cu2(
Cu2(16)2]2+.
ig. 8. Diagrammatic representation of the control of HHH/HHT isomers by
itrate anions.

lso results in a infinite chain but each helicate species is sepa-
ated by chloride ions which are bound by hydroxyl hydrogen
ond donors (Fig. 9b) [17].

.3. 2,2-Bipyridine ligands
A recent example of an anion binding helicate has been
eported by Kruger, where reaction of the amide-containing bis-
ipyridine ligand 17 with Fe(II) results in the formation of a

16)2]2+. (b) Diagrammatic representation of the binding of chloride anions by
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inuclear triple helicate [Fe2(17)3]4+. This complex contains
wo quasi-C3-symmetric amide cavities between the two metal
entres bridged by a diphenyl methane unit. In DMSO solution
H NMR studies show that the complex binds anions weakly.
owever, addition of chloride anions shows significant changes

n the spectra indicating that the complex is specific to this anion.
he formation of a 1:2 host:guest complex and the observed NH
hift in the 1H NMR indicated that both quasi-C3-symmetric
mide cavities bind anions. Interestingly the complex contains
oth rac- and meso-isomers but upon addition of chloride ions
nly the rac-isomer results [18].

. Other systems

As well as assembling anions receptors metal ions can also
ock existing receptors into a certain conformation, so that an
nion binding cavity is produced, and/or be involved in the
oordination of the anion itself. The ligand 18 contains two
rms with N-donor, O-donor and urea functionalities, linked
y a calixarene. Binding of nitrate anions is maximised when
he bipyridine units are coordinated by Ag+ and the polyethy-
ene glycol units are coordinated to sodium ions (for addition
f NO3

- in CDCl3/CD3CN (9:1) solution, log Ka 18 = 1.88;
8·Ag+ = 3.31; 18·Na+ = 3.82; 18·Ag+Na+ = 5.07 M−1). A sim-
lar series of results were also observed for CF3SO3

− and
F4

−. The observed increase in association constants is thought
o arise from two factors; firstly, upon addition of the Ag+

ons the coordination of the bipyridine ligands reduces the

onformational mobility of the urea units (effectively mak-
ng an anion binding cavity) and secondly, addition of both
g+ and Na+ increases the favourable electrostatic interactions

19].
eviews 250 (2006) 3190–3199 3197

Reaction of the ligand 19 with Cu2+ ions not only reduces
onformational mobility such that an anion binding cavity is
ormed, but the metal ion can also bind to the anion. The shape of
he resultant cavity makes the receptor highly size discriminatory
nd is correspondingly selective to dianionic tetrahedral anions
20].

Reaction of the azacrown 20 with Cu2+ gives the dinuclear
pecies [Cu2(20)]4+ with the metals coordinated to each end of
he ligand. The distance between these two cationic ions allows
iscrimination between l-glutamate and l-aspartate anions, with
he longer l-glutamate anions a better size match allowing it to
ridge the two cations [21].
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Another example of metal enhanced anion binding is seen in
the ligand 21 where coordination of the NS2O2 crown with Ag+

induces a 103–106-fold enhancement of the anion association
constant in MeCN. This change in binding constant is attributed
to interaction of the O atoms of the urea functional group with

the metal centre (Fig. 10). Interestingly the authors speculate
that in the presence of nitrite the urea–silver interactions do not
occur and the anion is simultaneously bound by both Ag+ and
urea units (Fig. 10b) [22].
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The amide functional groups in the aza-thioether ligand 22
ndergo substantial intermolecular hydrogen bonding and cor-
espondingly no binding of anions to the free ligand is observed.
owever, the hydrogen bonds to the macrocyclic nitrogen atoms

re broken upon coordination of AgNO3, which effectively gen-
rates two amides from the urea moieties, which are now capable
s acting as hydrogen bond donors. Resultantly the ligand is
switched” and now can act as an anion receptor. Solid state
tudies show that in derivatives of 22 hydrogen bonding to nitrate
nions, from the urea nitrogen atoms is observed [23]. The self-
ssembly of a cavity capable of binding anions has been shown
o occur by reaction of the dithiocarbamate ligand 23 with an
ctahedral metal salt, resulting in the assembly of a dinuclear
pecies [M2(23)3]4+. As a result of this assembly a cryptand

nit is formed which contains six amide hydrogen bond donor
roups. Only preliminary data was given but electrochemical
tudies suggest that binding to nitrate and chloride anions occurs
24].
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ig. 10. (a) Binding of acetate anions by activation of the urea group through
oordination to silver metal ions. (b) Simultaneous binding of nitrite by both
rea and silver ions.

. Conclusion

This review has described a variety of metal-assembled
pecies which can act as anion receptors and although the num-
er of examples is small compared to other anion binding species

his area is increasingly gaining interest.

Using metals as a scaffold to build anion receptors can be
xtremely advantageous, as the resultant anion binding com-
lexes have been shown to selectively bind anions depending

[

[

eviews 250 (2006) 3190–3199 3199

pon the size, shape and charge of the anionic species. Inter-
stingly, in a few cases the ability of these complexes to bind
nions affects other properties such as the geometric isomers
resent and ligand recognition properties. It would seem highly
ikely that the use of metal ions to assemble anion receptors will
ncrease and there is no doubt that the examples reported in this
eview will serve as a spring board for further study.
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