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A new cyclohexyl based fluorescent anion receptor, is able to

recognize maleate versus fumarate both as their TMA salts.

Construction of fluorescent sensors for specific anions is a

particularly attractive research area. A fluorescent sensor for

anions can be built following the binding site–signalling unit

approach by attaching an appropriate photoactive fluorophore to

a specific anion receptor.1 Urea and thiourea subunits are currently

used in the design of neutral receptors for anions, owing to their

ability to act as H-bond donors,2 and many ligands containing

either one or two of these groups have been reported to be

excellent carboxylate receptors and sensors for carboxylate

anions.3

Among the fluorescent mechanisms developed for the signalling

process in anion sensing, excimer/exciplex formation has been

successfully used.4 As excimer formation is strongly dependent on

geometry, the binding unit has to be carefully designed.

Cyclohexane derivatives with the appropriate configuration have

been demonstrated to be useful in recognition processes and it has

been perfectly established that the rigidity of this system can

control the complex geometry.5

During several years we have been studying the complexing

properties of ligands derived from trans-transoid-trans 1,2,4,5-

tetrasubstituted cyclohexanes and their possible application in

sensing.6 Now we would like to report the preparation of two new

cyclohexane based ligands, 1 and 2, both as racemic mixtures, and

their utility in the selective recognition of maleate (3) versus

fumarate (4) anions (Chart 1). These ligands have been designed in

such a way that they could be easily transformed into the

corresponding ditopic ligands by modifying the substituents on the

ester moieties (for example by including coronands instead of ethyl

groups).

The interest in selective sensors able to distinguish maleate

versus fumarate is not only related to p-diastereoisomer recogni-

tion but is also due to the different biological behaviour of these

anions. In fact, whereas fumarate is generated in the Krebs cycle,

maleate is a well known inhibitor of this cycle and its implication

in different kidney diseases has been widely described.7

Ligands 1 and 2 were prepared from trans-1,2-bis(methoxycar-

bonyl)-4-cyclohexene6a as shown in Scheme 1. The relative

configuration of the stereocentres in these ligands was perfectly

established by NMR techniques.{ The preferred conformation of

these ligands in DMSO solution was studied by 1H NMR (see

supplementary material{). As shown in Fig. 1, ligands 1 and 2

present the cyclohexane moiety mainly in a chair conformation,

both thiourea groups are in the equatorial positions and both ester

groups in the corresponding diaxial disposition. In addition,

modelling studies carried out by using PCModel 8.010 showed that

this conformation corresponds to a relative minimum of energy.
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Chart 1

Scheme 1

Fig. 1 (a) Conformation of ligands 1 and 2 in DMSO solutions. (b)

Structural proposal for the complex formed between ligand 1 and TMA

maleate.
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Complexation studies with maleate (3) and fumarate (4) both as

their tetramethylammonium (TMA) salts were carried out using

different techniques (UV, 1H NMR and fluorescence spectro-

scopy). The stoichiometry of the complex with both ligands was

always 1 : 2 for fumarate and 1 : 1 for maleate independently of the

technique used. The values of the complexation constant11

calculated by using 1H NMR are reflected in Table 1 and are

similar to those obtained by using other methods (see supplemen-

tary material{).

Fluorescence studies carried out with these ligands in the

presence of increasing amounts of maleate and fumarate anions

showed that ligand 1 is able to act as a selective sensor for maleate

(3) versus fumarate (4) in DMSO solutions. Thus, the fluorescence

spectrum for ligand 1 (lexc.= 290 nm) shows only one band at

410 nm with vibronic-band fine structure but no excimer band was

observed which can be related to the high steric hindrance of the

naphthalene moiety which precludes their parallel disposition.12

After the addition of increasing amounts of TMA fumarate (4)

only a small quenching of the fluorescence was observed (Fig. 2a).

By contrast the addition of TMA maleate (3) results in a new band

at 495 nm (Fig. 2b). The intensity of this new band could be

related to the formation of an excimer species. Both the different

fluorescence behaviour and complex stoichiometries observed with

3 and 4 can be related to the ligand stereochemistry that gives rise

to different geometries depending on the anion stereochemistry.

Thus, the maleic dianion with its cis configuration perfectly fits

into the complex inducing a conformational change in the ligand.

This change places both naphthalene groups close and almost

parallel which gives rise to the excimer emission. By contrast, the

fumaric anion with a trans disposition of the carboxylate moieties

is unable to form the 1 : 1 complex and two molecules are bound

to the ligand, one in each thiourea group. This type of

complexation does not induce changes in the ligand conformation

and only a small quenching of the fluorescence is observed.

The difference between both guests is also observed in the UV

spectra. Thus, maleate salt gives rise to a shoulder at higher

wavelength that is not present when fumarate was added to the

ligand solution (see supplementary material{).

The fluorescence of ligand 2 is very poor and only small

modifications were observed after addition of both maleate and

fumarate salts (similar results were also observed in the UV

spectra). Data shown in Table 1 indicate that the complexes

formed with ligand 2 are stronger than those formed with ligand 1;

however, the small size of the phenyl groups present in 2 allows the

maleate anion to fit in the cavity without large structural

modification. This lack of conformational change would explain

the small changes observed in the fluorescence spectra.

Two dimensional NMR studies have been carried out to give

information about the conformation of the complexes formed by

ligand 1 in DMSO solutions with both anions 3 and 4, and the

results agree with the proposed geometries obtained by modelling

using PCModel 8.0. Thus, in samples prepared with ligand 1

(1 equiv.) and tetramethylammonium maleate (1.5 equiv.) a set of

signals corresponding to the 1 : 1 complex was observed along with

weak signals attributable to the free ligand. In the complex the

cyclohexyl moiety is far from the chair conformation and a

twisted-boat or even a boat conformation agrees better with the

observed results. Thus, COSY experiments show a strong

correlation between H6a and H6b; H6a also exhibits a clear

correlation with H5 whereas coupling with H1 is weaker. H6b also

exhibits a weak correlation with H5. In addition, NOESY

experiments show that H6a correlates with H1 and H4 whereas

H6b only exhibits a weak correlation with H5. The signals

corresponding to H2 and H5 are too close to allow observation of

the NOE correlation. With all this information a structural

proposal like that shown in Fig. 1b can be acceptable. This

structural proposal also would explain the fluorescence properties

observed with this anion because in this complex both aromatic

systems lay almost parallel allowing excimer formation.

By contrast, COSY experiments carried out with the same

ligand and tetramethylammonium fumarate showed the clear chair

conformation of the cyclohexyl moiety. Thus, COSY experiments

showed the same correlation pattern as the free ligand and the

NOESY experiments are also quite similar to the free ligand; the

proton corresponding to the fumarate moiety shows a very small

correlation with an aromatic proton at 7.55 ppm.

Studies carried out in DMSO–water mixtures (95 : 5) showed

that the fluorescence response is clearly modified. Thus, after

addition of TMA maleate, the band at 378 nm in the fluorescence

Table 1 Stoichiometry and logb in DMSO for ligands 1 and 2 with
TMA fumarate and maleate by 1H NMR

Ligand

TMA fumarate TMA maleate

logb2 L : A logb1 L : A

1 2.48 ¡ 0.07 1 : 2 2.88 ¡ 0.07 1 : 1
2 4.39 ¡ 0.06 1 : 2 5.1 ¡ 0.9 1 : 1
a L = ligand, A = anion.

Fig. 2 Fluorescence spectra in DMSO (a) 1 + TMA fumarate, (b) 1 + TMA maleate (lexc = 290 nm).
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spectrum of ligand 1 shows a red shift in addition to a clear

quenching. In addition the excimer emission is weaker than in the

absence of water but still observable (Fig. 3). Under these

conditions, 1H NMR studies showed that the proportion of

complex/free ligand present in solution is smaller than in

anhydrous conditions, but the complex is even present at 60 uC.

The decrease in the complex concentration observed in the

presence of water can explain the smaller excimer emission

observed under these conditions.

In conclusion ligand 1 acts as a selective fluorescent sensor for

maleate versus fumarate in DMSO even in the presence of 5%

water. The selectivity is due to the conformational change in the

cyclohexane moiety induced by the 1 : 1 complexation with

maleate. Fumarate, with a trans configuration is able to be

complexed by the ligand but the complexation does not give rise to

the necessary conformational change.
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