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even under 5 atm. of pure oxygen in the
solid state. In accordance with the results
from the calorimetry experiments cited
above [6], in solution the complexes 12a
are rather labile and the iPr-BABARPh-
Phos ligands are quantitatively displaced
when stronger ligands such as PPh3 or
P(OMe)3 are added. Interestingly, while we
could observe complexes with a heterolep-
tic coordination sphere when [PtMe2(iPr-
BABAR)2] was reacted with phosphanes,
PR3, comparable complexes, i.e. [RhCl(iPr-
BABARPh)3-x(PR3)x], were not observed.
Only the homoleptic complexes 12a beside
[RhCl(PR3)x] (x = 2,3) and free iPr-BABARPh

were detected. This finding together with
the observation that in the syntheses of
rhodium(I) BABAR-phos complexes fre-
quently the per-substituted complexes
[Rh(BABAR-Phos)4]+ or [RhCl(BABAR-
Phos)3] are formed even when a less than
stoichiometric amount of ligand is used,
leads us to suspect that additional van-der-
Waals interactions within the ligand sphere
augment the stability of the products. This
aspect as well as catalytic reactions with the
BABAR-Phos compounds described here
are under current investigation.

Received: February 7, 2003

[1] F. Mathey, ‘Phosphorus-Carbon Hetero-
cyclic Chemistry: The Rise of a New Do-
main’, Pregamon Press, Amsterdam, 2001.

[2] K.B. Dillon, F. Mathey, J.F. Nixon, ‘Phos-
phorous: The Carbon Copy’, Wiley, New
York, 1998.

[3] J. Liedtke, S. Loss, G. Alcaraz, V. Gram-
lich, H. Grützmacher, Angew. Chem. 1999,
114, 1724, Angew. Chem. Int. Ed. Engl.
1999, 38, 1623. The name BABAR-Phos
is a symbiosis out of the related hydro-
carbon barbaralane and the obvious re-
semblance of BABAR-Phos to the famous
green elephant from the children’s books
(see sketch below).

[4] H. Bock, M.Bankmann, J. Chem. Soc.,
Chem. Commun. 1989, 1130.

[5] B.J. Dunne, R.B. Morris, A.G. Orpen,
J. Chem. Soc. Dalton Trans. 1991, 635.

[6] C. Laporte, G. Frison, H. Grützmacher,
A.C. Hillier, W. Sommer, S.P. Nolan,
Organometallics, in press.

[7] J. Liedtke, H. Rüegger, S. Loss, H. Grütz-
macher, Angew. Chem. 2000, 112, 2596,
Angew. Chem. Int. Ed. Engl. 2000, 39,
2479.

[8] J. Liedtke, S. Loss, H. Grützmacher,
Tetrahedron (Symposium in Print) 2000,
56, 143.

[9] H. Grützmacher, J. Liedtke, G. Frasca,
F. Läng, N. Pè, Phosphorous, Sulfur and
Silicon 2002, 177, 1771.

[10] F. Läng, unpublished results of the planned
PhD thesis.

Fig. 2. Structure of barbarlane, C9H10, and
BABAR-Phos the ‘elephant’.
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1. Introduction

Recently, we have investigated the self-
assembly of (cymene)RuII, (Cp*)RhIII and
(Cp*)IrIII complexes using 3-hydroxy-2-
pyridone as the bridging ligand [1–3]. Tri-
nuclear metallamacrocycles were obtained

in all cases. They possess three oxygen
donor atoms positioned in close proximity
to each other and can thus be considered as
organometallic analogues of 12-crown-3
(Scheme). The metallacrown complexes
were attested to be powerful ionophores
with outstanding affinities toward Na+
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and/or Li+. In terms of binding constants,
they are even able to match cryptands. The
selectivity of these receptors is controlled
by the steric demand of the π-ligand.
Whereas the (cymene)RuII complex 1 binds
both Li+ and Na+, the (Cp*)RhIII and
(Cp*)IrIII complexes 2 and 3 bind exclu-
sively Li+. Crystallographic analyses and
NMR spectroscopic data suggest that the
guest molecule is bound as an ion pair. All
these features have led us to explore the uti-
lization of these metallamacrocycles to sta-
bilize the molecular forms of unusual salts
such as LiF, LiFHF, and Na2SiF6 [4][5].
Prior to our work, complexes of these salts
had not been described, which is not sur-
prising bearing in mind their extremely
large lattice energy. In extension of this
work, we have also investigated the con-
struction of a highly selective chemosensor
for fluoride anions [6].

2. Stabilization of Molecular LiF
and LiFHF [4]

Due to the very low solubility of LiF
and LiFHF, complexes of these salts were
prepared in situ. For this purpose, the LiBF4
adducts of 1, 2, and 3 were first synthe-
sized. The weakly bound tetrafluoroborate
anion was subsequently exchanged either
by F– or FHF– in a salt metathesis reaction.
The successful anion exchange was estab-
lished by 7Li and 19F NMR spectroscopy.
The 7Li NMR spectra of the LiF complexes
display a doublet due to the coupling to
the adjacent 19F atom and the 19F NMR
spectra show the corresponding quartet.
The observed coupling constants are very
large and range from 95 to 101 Hz. For the
LiFHF adducts, a more intricate situation
was noticed. The 19F NMR spectra of 2 •
LiFHF and 3 • LiFHF display two reso-
nances assigned to the proximal and the dis-
tal fluorine, respectively (Fig. 1b). It was

shown that the acidic proton is only coupled
to the distal fluorine (1JHFd = 317 and 324
Hz), which points to a highly asymmetric
hydrogen bond. The 19F NMR spectrum
of 1 • LiFHF, on the other hand, displays
a broad resonance at room temperature
which only upon cooling splits into two dif-
ferent signals. This indicates an intramole-
cular exchange between the proximal and
distal fluorine, presumably via a pentacoor-
dinated lithium ion. A fluxional process of
this kind was not noticed for 2 • LiFHF and
3 • LiFHF because of the presence of the
more sterically demanding Cp* ligands.
Single crystal X-ray analyses were carried
out for 1 • LiF, 2 • LiF, 3 • LiF, 1 • LiFHF
and 3 • LiFHF. In all cases, the lithium ion
is coordinated to three adjacent oxygen
donor atoms and the fourth coordination
site is occupied by F– or FHF– (Fig. 1a). The
Li–F bonds are very short (Li–F =
1.77–1.81 Å). In crystalline LiF, for exam-
ple, a Li–F distance of 2.009 Å is found. For
the LiFHF complexes, the hydrogen difluo-
ride anion is bound in a bent fashion via one
fluorine atom to the lithium ion. 

3. Encapsulation of Molecular
Na2SiF6 [5]

Because of the low solubility of
Na2SiF6, a similar procedure as described
above was used. Thus, the NaBF4 adduct of
1 was first synthesized and the BF4

– anion
was then exchanged to form the Na2SiF6
complex 4. The latter was characterized
by NMR spectroscopy and single crystal 
X-ray analysis. In the 1H, 13 C and 19F NMR
spectra of 4, two sets of signals are ob-
served, the relative ratio of which is 7:3.
They are attributed to the two diastereo-
isomers formed upon complexation of
Na2SiF6 by two chiral metallamacrocycles,
which indicates that there is a chiral recog-
nition between the two metallamacro-
cycles. The molecular structure of complex
4 in the crystal shows a SiF6

2– anion coor-
dinated via three fluorine atoms to the two
respective sodium ions (Fig. 2). The latter
are bound to the three adjacent oxygen
atoms of the metallamacrocycles. 

Scheme. Self-assembled organometallic metallamacrocycles as specific receptors for alkali
metal salts.

Fig. 1. a) Ball and stick representation of the
molecular structure of 3 • LiFHF in the crystal.
The hydrogen atoms and the side chains of
the aromatic π-ligand are not shown for clarity;
b) 19F NMR spectrum of 3 • LiFHF in C6D6. Fp
and Fd are assigned to the proximal and the
distal fluorine atom, respectively.
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4. Fluoride Anions Recognition and
Sensing [6]

The ability of the receptors 1–3 to stabi-
lize molecular LiF led us to explore the pos-
sibility to construct a highly selective re-
ceptor for fluoride anions. For this purpose,
receptor 3 seemed to be ideally suited. Its
binding site is well shielded by the sterical-
ly demanding Cp* ligands. Consequently,
only small ions such as the fluoride anion
should be able to coordinate to a lithium ion
bound inside the receptor (Fig. 3a). In order
to test this, the adduct 3 • LiBF4 was syn-
thesized. This complex shows solvent-sep-
arated Li+ and BF4

– ions in solution. The
ability of this complex to act as a specific
receptor for the fluoride anion was tested in
a series of competition experiments. When
3 • LiBF4 was dissolved in CDCl3/CD3CN
(2:1) containing fluoride anions and a large
excess of competing anions X– (X– = Cl–,
Br–, I–, NO3

–; receptor/F–/X– 1:2:100), on-
ly the presence of the fluoride adduct 3 •
LiF was detected by NMR spectroscopy.
This indicates a fluoride/X– selectivity of
at least 1.6 × 103. Based on these promising
results, differential pulse voltammetry ex-
periments were carried out to investigate if
the binding of the fluoride anion could be
detected electrochemically. The peak po-
tential for the first oxidation of the Li+ com-
plex in CHCl3/CH3CN (2:1) was observed
at 890 mV (against Ag/AgCl). Upon addi-
tion of F–, a difference of 203 mV was
recorded, whereas upon addition of other
anions (Cl–, Br–, NO3

–, HSO4
– or ClO4

–)
only small changes were observed (Fig.
3b). Similar results were obtained in solu-
tions containing methanol. This is of special
interest since most fluoride receptors do not
work in protic solvents because of the high
solvation energy of the fluoride anion. 

5. Conclusion and Outlook

Complexes of molecular LiF, LiFHF,
and Na2SiF6 were synthesized using the
trimeric metallamacrocycles 1, 2, and 3 as
receptors. Based on these results, it was pos-
sible to build a selective chemosensor,
which permits the detection of fluoride an-
ions electrochemically, even in protic sol-
vents. Current efforts are devoted to investi-
gate the ability of these metallamacrocycles
to act as stabilizing hosts for other unusual
guest molecules such as NaF or NaFHF.
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Fig. 2. Ball and stick representation of the molecular structure of 4 in the crystal. The hydrogen
atoms and the side chains of the aromatic π-ligand are not shown for clarity.

Fig. 3. a) CPK representation of the molecular structure of 3 • LiF highlighting the tight
encapsulation of the LiF guest molecule; b) Absolute difference of the peak potential for the first
oxidation of 3 • LiBF4 after addition of various anions X– (CHCl3/CH3CN 2:1).


