
Cationic fac-tris(pyrazole) complexes as anion receptors{
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New receptors fac-[Re(CO)3(pz)3]BAr94 (pz 5 3,5-dimethylpyr-

azole or 3(5)-tert-butylpyrazole, Ar9 5 3,5-(CF3)2C6H3),

synthesized from [Re(OTf)(CO)5] and the pyrazoles, have been

found to show a high affinity for chloride.

The self-assembly of supramolecular adducts between chloride and

fac-tris(pyrazole) receptors (LnM(pz)3) was reported in 1991 by

Parkin and co-workers (LnM 5 HB, obtained by treatment of a

thallium(I) hydrotris(pyrazolyl)borate with HCl and AlCl3)
1a and

in 2002 by Halcrow and co-workers (LnM 5 ClZn, by reaction of

ZnCl2 with three equivalent of a pyrazole).2 These findings suggest

that a cationic complex [LnM(pz)3]
+ (pz 5 generic pyrazole) could

act as a receptor for anions,2b with which it would interact through

a combination of electrostatic attraction and hydrogen bonds.3

Such a receptor (which could be though of as an ‘‘anti-

scorpionate’’4 for it would show an opposite complexation

behavior; i.e.; it would bind anions), in its uncomplexed form,

remains unknown since the two mentioned examples are directly

obtained as the supramolecular chloride adducts. Recently, Bondy,

Gale and Loeb synthesized anion receptors by assembling

relatively simple organic molecules containing both a Lewis basic

site (L) and a hydrogen-bond donor group (HD) around a metal

fragment.5 This approach offers a preparative procedure simpler

than those needed to synthesize most purely organic receptors. In

this kind of receptor, in addition to provide the positive charge and

to enhance the polarization of the HD groups, the metal plays a

major structural role, since the proper orientation of the HD

groups is achieved by means of the coordination of the organic

molecules to a metal fragment with a well defined geometric

preference. On the other hand, the stability of the receptor requires

inert metal-L bonds. Pyrazoles possess both a pyridine-type

nitrogen that can serve as the L group, and a pyrrole-type

nitrogen for the HD group; thus we targeted [Re(CO)3(pz)3]BAr94

(Ar9 5 3,5-bis(trifluoromethyl)phenyl) compounds, chosen

because of the strong preference for a fac geometry in

[Re(CO)3L3] derivatives. A drawback of cationic receptors is that

their accompanying counteranion interferes with binding of the

external target anion. To minimize this interference, BF4
2 or PF6

2

are often the counteranions of choice due to their effective charge

delocalization and resulting weaker interaction with the HD

groups. Even more effective charge delocalization resulted in the

widespread employment of the BAr94 counteranion in organome-

tallic chemistry and catalysis, and thus we have incorporated it

in our receptors.6 Compounds [Re(CO)3(pz)3]BAr94 (1, pz 5 3,

5-dimethylpyrazole, 2, pz 5 3(5)-tert-butylpyrazole) were synthe-

sized in a straightforward manner by reaction of [Re(OTf)(CO)5]
7

with the corresponding pyrazole in a 1:3 ratio in refluxing toluene,

followed by anion metathesis with NaBAr94 in dichloromethane

and crystallization from CH2Cl2–hexane. The salts 1 and 2 were

fully characterized by IR and NMR (1H and 13C) spectroscopies in

solution, and by single-crystal X-ray diffraction in the solid state

(see Fig. 1 and ESI{).8,9

As expected, in the structure of 2, the pyrazoles bind the

rhenium atom through the nitrogen non-adjacent to the bulky tert-

butyl group. In solution, the fac geometry of the cationic

complexes was shown by the IR pattern in the n(CO) region and

by the single set of pyrazole signals, indicative of the equivalence of

the three pz ligands, in the NMR spectra. The presence of two low-

frequency singlets in the 1H NMR of 1 indicates the non-

equivalence of the two methyl groups in the 3 and 5 positions on

the pz rings and therefore the absence of intermolecular pz

exchange. This non-labile character of the pz ligands, necessary for

the compounds to serve as receptors,10 is also indicated by the

observation of sharp singlets for all the carbon atoms of the

pyrazole rings in the NMR spectrum of 2.2

Receptors 1 and 2 were titrated with Bu4NCl in CD3CN. The

complex fac-[ReCl(CO)3(Me2pz)2] (Me2pz 5 3,5- dimethylpyra-

zole, 3), which would be the product of the displacement of Me2pz

from 1 by chloride, was independently synthesized by reaction of

[ReCl(CO)5] with two equivalents of Me2pz in refluxing toluene,

and characterized spectroscopically and by X-ray diffraction (see

{ Electronic supplementary information (ESI) available: Complete details
for the synthesis of compound 3, thermal ellipsoid plots of the cation of 2
and the molecule of 3, and 1H NMR titration plot of 2 with Bu4NCl in
MeCN. See http://www.rsc.org/suppdata/cc/b4/b414407d/
*japm@fq.uniovi.es Fig. 1 Thermal ellipsoid (30%) plot of the cation of 1.
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ESI{). It was assessed that when amounts of 0.25, 0.50 and

0.75 equivalents of Bu4NCl were added to solutions containing an

equimolar mixture of 1 and 3, separate sets of signals could be

observed for the 1-Cl and 3-Cl species. Thus, displacement of

Me2pz by chloride during the titration could be unambiguously

ruled out because only the signals of 1-Cl could be observed

throughout it. The large shift to higher frequencies of the N–H

signals in the 1H NMR spectra of 1 or 2 upon addition of Bu4NCl

suggested a strong hydrogen-bond interaction (see Fig. 2). As

expected, the shift was much lower for the neutral bis(pyrazole)

complex 3. The presence of a single set of signals during the

course of these titrations was consistent with the fast exchange of

chloride. When the data obtained from the titrations of 1 and 2

with Bu4NCl were treated with the WinEQNMR computer

program,11 values of 6385(362) and 4692(570) M21 respectively,

quite high for acyclic receptors, were obtained for the 1:1 binding

constants.

The interaction of receptor 1 with Bu4NCl in CH2Cl2 solution

lowers the IR n(CO) values from to 2039 and 1929 (broad) to 2036,

1935 and 1911 cm21 (for 1:Cl2 5 1:1). Although small, this change

suggests that IR spectroscopy could be used for anion sensing.

Anion receptors containing optically or electrochemically-active

transition metal fragments have been used as anions sensors.3c,d,12

Changes in the IR spectrum as a signal has not been employed for

anion sensing, and rarely for cation sensing,13 despite the high

sensitivity of FT-IR and the fact that metal carbonyls display

intense bands in a region of the spectrum free from other

absorptions.14

In summary, we have demonstrated the easy availability of

cationic fac-tris(pyrazole) complexes as their salts with the BAr94

anion, their coordinative stability toward chloride, and their strong

binding of this anion. Further studies on the behavior of these new

receptors, and the extensions of these studies to other anions, and

to receptors based in other metals, are in progress in our

laboratory and will be reported in due course.

We thank Ministerio de Ciencia y Tecnologı́a for support of this

work (Projects BQU2003-08649 and BQU2002-03414).
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