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Abstract By using quantum mechanical calculations, the
most probable structures of free dibenzo-18-crown-6 ligand
and the cationic complex species of Cs* both with one and
with two dibenzo-18-crown-6 ligands were derived. In
these two complexes, the “central” cation Cs™ is bound by
strong bond interactions to the corresponding ethereal
oxygen atoms of the parent crown ligand.
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Introduction

In 1967, Pedersen published his first papers [1, 2] dealing
with cyclic polyether compounds with the oxyethylene
groups —CH,—CH,—O-, which are called crowns because of
their structure. These electroneutral crown compounds
form relatively stable complexes in nonaqueous solvents,
especially with alkali and alkaline-earth metal cations, the
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cations being placed in the ligand cavities. The ratio of the
size of the crown ligand cavity to the ion radius of the
central cation is a decisive or at least an important factor in
the stability of the complex species formed [3]. It is the
complexing properties of the crowns that are due to the
rapid development of the chemistry of these cyclic poly-
ethers that we have witnessed in recent decades. At this
point it should be noted that several reviews have covered
many aspects of their chemistry [3-6].

Recently, protonation of valinomycin, some calixarenes,
dibenzo-18-crown-6, and a hexaarylbenzene-based recep-
tor has been investigated in detail [7-18]. Further, the
interactions of benzo-18-crown-6 with NH," and dibenzo-
18-crown-6 with Ag™ have also been studied [19, 20].
Besides this, the solvent extraction of microamounts of
cesium by a nitrobenzene solution of hydrogen dica-
rbollylcobaltate [21] in the presence of dibenzo-18-crown-
6 (L, Scheme 1) has been reported [22]. The equilibrium
data have been explained assuming that the complexes
CsL* and CsL," are extracted into the organic phase [22].
However, up to now, the structures of the complexes CsL*t
and CsL," have not been solved by means of quantum
mechanical theoretical calculations. Therefore, in the cur-
rent work, applying quantum mechanical DFT calculations,
the most probable structures of the considered CsL™ and
CsL, " cationic complexes are derived.

Results and discussion

The quantum mechanical calculations were performed at
the density functional level of theory (DFT, B3LYP/
LanL.2DZ) using the Gaussian 03 suite of programs [23].
The structural optimizations of L and its complexes with
Cs™ (i.e., CsL™ and CsL,") were fully unconstrained.
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Scheme 1

Although a possible influence of a polar solvent on the
detailed structures of L, CsL*, and CsL,™ could be
imagined, our quantum mechanical calculations in similar
cases, carried out in an analogous way, showed very good
agreement of the experiment with theory [24-29].

In the model calculations, we optimized the molecular
geometries of the parent ligand L and its two complexes
with Cs™. The optimized structure of a free ligand L with
C, symmetry is illustrated in Fig. 1. In Fig. 2, the structure
obtained by the DFT-optimization of the CsL* complex
also having C, symmetry is depicted, together with the
lengths of the corresponding bonds (in A; 1A =0.1 nm).
In the CsL™ cationic complex species, which is most
energetically favored, the “central” cation Cs™ is bound by
strong bond interactions to four (Ar—-O-CH,) ethereal

Fig. 1 Two projections of the DFT-optimized structure of a free
ligand L (B3LYP/LanL2DZ)

@ Springer

Fig. 2 Two projections of the DFT-optimized structure of the CsL*
complex (B3LYP/LanL.2DZ)

+

Fig. 3 Two projections of the DFT-optimized structure of the CsL,
complex (B3LYP/LanL.2DZ)

oxygens (3.12, 3.12, 3.12, and 3.12 A) and two (CH,-O-
CH,) ethereal oxygen atoms (3.24 and 3.24 A) of the
parent crown ligand L.
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Moreover, the DFT-optimized CsL," structure, also
called the “sandwich” structure, is shown in Fig. 3. In this
case, the “central” Cs* is bound partly to eight (Ar-O-
CH,) oxygens (the Cs™ - - O distances are in the range of
3.27 t0 3.44 A) and partly to the remaining four (CH,—O—
CH,) ethereal oxygen atoms (the Cs*t---O distances are
from 3.59 to 3.60 A) of the two respective crown ligands.

Finally, the calculated interaction energies of the CsL*t
and CsL," complex species, denoted by the symbols
E;n(CsL™) and E;,(CsL,™) [calculated on the basis of
the simple relations: Ei(CsL™) = E(CsL™) — E(Cs™)
— E(L);  Ein(CsLy") = E(CsL,") — E(Cs") — 2 E(L),
where E(CsL™), E(CsL, "), E(Cs1), and E(L) are the pure
electronic energies of the corresponding species given in
the parentheses], are —231.4 and —342.2KkJ mol_l,
respectively, which confirm the formations of the consid-
ered cesium complexes.
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