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Abstract: A novd cdass of anion receptors with with C-H--- X hydrogen bonding is
introduced and demongtrated for ClI, Br, NO3™ and HSO, recognition. Cyclic voltammetry
reveded tha nove ferrocenylimidazolium sdts syntheses of which are briefly described,
sectively complex and eectrochemicdly recognise guest anions. Futhermore, proton
NMR spectroscopy indicated the formation of 1:2 doichiometric complexes with CI, Br
and I" and 1:1 goichiometric complexes with NO3™ and HSO4'.
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I ntroduction

The synthess of receptors designed to coordinate anions is an area of intense current research
activity. This is because anions are known to play ubiquitous roles in both chemica and biochemica
processes. Indeed, they can act as substrates or cofactors for enzymes [1], and as nucleophiles, base,
redox agents and phase transfer cataysts. During the last few years, the combination of LA and NH
group as a hydrogen bond donor have been demondrated to be essentid components for anion
recognition [2], but more recently the ability of 1,3-disubdituted imidazolium cations to enter into
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hydrogen bonds with hdide ions has developed from not possible to widdy accepted using solid-state
X-ray crystdlography and binding experiments followed by *H-NMR spectroscopy [3-8]. As pat of
our investigations into ionic liquids based on imidazolium <dts as Lewis acid cadysts [9], and
imidazolium based receptors, where we have shown that chird tripodd systems utilizing the
imidazolium moiety may didinguish between a par of enantiomeric anions [10], we have developed
efficent syntheses for severd intereting ferrocenyl imidazole derivetives [11] which have shown to
have properties as Lewis acids and as anion receptors.

Results and Discussion
'H-NMR titrations

The fearocenyl imidezolium sdts 2-6, synthesised according to Scheme 1, were first tested in the
Dids-Alder reaction between methacrolein and cyclopentadiene a low temperature and were shown to
act as Lewis acids to produce the desred endo and exo products in yields between 30 and95% and
endo/exo sdlectivities of between 75 and 95%. The same reaction carried out without midazolium sdt

present gave no product.
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The anion coordination properties of 1,3-di(ferrocenylmethyl)imidazolium hexafluorophosphate
(6) were then investigated by *H-NMR titration. Additions of BusN*X™ (X = Cl, Br, I, NOz, HSOy) to
CDCl; <olutions of 6 resulted in ggnificant downfidd shift of the H-2 of the imidazole ring with
concomitant broadening of the dgnd. The reaulting titration curves Fgure 1, sugget a 1.2
imidazolium sdt : anion gtoichiometry in the case of X = CI, Br™ and I', and a 1.1 imidazolium st :
anion gtoichiometry in the case of X = NOs™ and HSO,~. Similar results were obtained for compounds
2-5. X-Ray crysdlography, currently under investigation, will confirm the dructure in the complexes
between these receptors and the haide anions.

Figure 1 *H-NMR titration curves of the receptor 6 with anions.

11 A

10.5 A
c ——CI-
2 101 —=—By-
£ NO3-
2]
o HSO4-
T —¥—-

0 1 2 3 4 5

Equivalents of anion added

Electrochemical anion recognition

The revershility of the ferrocene / ferrocenium redox couple in receptors 2-5 was examined and

the values obtained for [y - Epc| imply good reversibility for a two eectron reaction and values of ba /
ipc ae dl close to unity further supporting this clam, Table 1. The same observations were made in

the case of receptor 6, but this time two cathodic and two anodic waves are observed. Cyclic
voltammograms of receptors 3 and 6 are shown in Figure 2.
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Figure 2 Cyclic voltammograms of receptors 3 and 6.

1.50E-06 * *
1.00E-06 —
5.00E-07 —
I/A" 0.00E-00 —
-1.50E-06 —

-1.00E-06 —

-5.00E-07
I I I I I I I I |

900 80 700 600 500 400 300 200 100 O
E/mvV

The ferrocene / ferrocenium redox couple was then examined upon addition of five equivaents of

counter ion. The counter ion (CI, Br, NO3, HSO,) was added in the form of its tetrabutyl

ammonium sat. The results of the dectrochemicad andyds, Table 1, show that for the receptors 2-4
the oxidation potentid is shifted anodicaly with increasing substituent size as would be expected.

Table 1: Electrochemica datafor receptors 2-6.

Compound 2 3 4 5 6
Epa (free) [ mvV 274 288 311 293 301
Eoc (free) / MV 148 173 168 190 176

DE (CH2/mV -24 -10 -39 -3 -23

DEy (Br)? / mV 105 71 142 112 194

DEpa (NO3)? / mV -23 -22 -35 -10 -58

DEpa (HSOs)/mV | -118 -83 -97 -82 -70

|Epa- Exd’/mV 126 115 143 103 125
ia/ ipc” 0986 | 0981 | 1.021 | 1.002 | 1.267

®Anodic shifts upon 5 equivalents of anion added in the form of the tetrabutylammonium salt. bEpa
and Epc represent the anodic and cathodic pesk potentials and ipa and j represent the anodic and
cathodic pesk currents.
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When five equivdents of a particular counter ion were added, the anodic wave was observed to
shift to more negative potentids, excluding the bromide sdt that gave an observed postive shift. In
each case the largest negative shift was observed when five equivaents of the HSO, ion were added,
dthough this shift was dways accompanied by a severe distortion of the anodic and cathodic waves.
Furthermore the anodic pesk current was drastically reduced and the cathodic pesk current dragticaly
increased. This phenomenon may be due to consumption of the receptor in a reduction reaction,
possibly hydrogenation at the iron centre.

Conclusions

In summary, we have developed a rapid facile synthess of ferrocenylimidazolium sdts which
proved to be excelent Lewis acids and act as anion receptors through C-H- - - X™ hydrogen bonding
forming 1:2 goichiometric complexes with CI", Br and I and 1:1 soichiometric complexes with NO3”
and HSOs". The eectrochemica data obtained for these nove receptors implies that they may be used
as anion recognition molecules and possbly even as chemicd or biochemica sensors. Further work
will condg of the introduction of additiond functiondity in the ferrocenyl imidazole sysems. We
believe that these compounds might find uses in fidds of research such as sensor maerids, ligands for
chird catalyss, supramolecular photochemistry and e ectrochemisry, to name but afew.

Experimental

General

N-akyl imidazoles were purchased from Aldrich and MeCN was dried over 4A molecular sieves.
The gructures of dl new compounds were verified on the basis of spectroscopic and anaytica
evidence [10]. Cydic voltanmograms were obtained a a scan of 50 mVs! in MeCN solution
containing 0.1 moldm™ nBwNBFs as supporting dectrolyte and 1x10° moldm™® receptors at room
temperature.  Potentidls were determined with reference to a Ag/Adg dectrode with Pt working and
auxiliary electrodes.

Syntheses of ferrocenylimidazolium salts

Monoferrocenyl subgtituted imidazolium sdts 2-5 were prepared in very good yidds by refluxing a
solution of  (ferrocenylmethyl)trimethylanmonium iodide sdt 1 [12] and the appropriate N-akyl
imidazole in MeCN for 16 h, followed by treatment with NH4PFs (Scheme 1).
Di(ferrocenylmethyl)imidazolium sdt 6 was formed by heating 1 in MeCN with two equivdents of
imidazole, in the presence of sodium carbonate, a reflux for one week, followed by trestment with
NH4PFs. Compound 6 was dso obtained from a 1:1 mixture of 1 and ZXferrocenylmethylimidazole in
MeCN heated under reflux for 16h followed by treetment with NH4PFs. Compound 7 was produced
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from the reaction of imidazole sodium sdt with 1 in MeCN heated under reflux for 16h.  Alternatively,
7 can be formed from ferrocenylmethylamine 8 [13] usng the conditions given by Arduengo et 4.
[14].
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