
Christina Fischer, Wilhelm Klein and Thomas F. Fässler*

Crystal structure of (4,7,13,16,21,24-hexaoxa-
1,10-diazabicyclo[8.8.8]hexacosane-κ8N2, O6)
potassium cyclopentadienide, [K([2.2.2]crypt)]Cp,
C23H41KN2O6

https://doi.org/10.1515/ncrs-2021-0296
Received July 21, 2021; accepted August 16, 2021;
published online August 31, 2021

Abstract
C23H41KN2O6, monoclinic, P21/c (no. 14), a = 10.9817(6) Å,
b = 23.8330(15) Å, c = 9.7379(7) Å, β = 94.705(5)°,
V = 2540.1(3) Å3, Z = 4, Rgt(F ) = 0.0327, wRref(F

2) = 0.0682,
T = 120 K.

CCDC no.: 2103410

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displace-
ment parameters.

Source of material

The Zintl phase K4Sn9 was prepared from stoichiometric
mixtures of the elements in steel containers, which were
encapsulated in an evacuated fused silica tube. The
mixture was heated to 550 °C for 46 h and slowly cooled
to room temperature with a rate of 1 °C/min. Bis-
cyclopentadienyl-germanium (GeCp2) was prepared as
described in literature [5–7]. 91.9 mg K4Sn9

(0.075 mmol), 15.2 mg 4,7,13,16,21,24-hexaoxa-1,10-dia
zabicyclo[8.8.8]hexacosane ([2.2.2]cryptand; 0.3 mmol;
Merck, p. a.), and 15.2 mg GeCp2 (0.075 mmol) were
given into a dry Schlenk vessel and ca. 2 ml NH3

(Westfalen, 99.999%, stored over elemental Na) were
condensed on this. The red solution was stored at −70 °C
for 11 months, after this time colourless crystals of the
title compound were obtained. A crystal appropriate for
X-ray diffraction measurements was selected under
perfluoroalkylether in a stream of cold nitrogen gas.

Table : Data collection and handling.

Crystal: Colourless block
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Oxford Xcalibur , φ and π
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: CrysAlisPRO [], SHELX [, ],
Diamond []
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Experimental details

All H atoms have been located from the difference Fourier
map and refinedwith free atomic coordinates and isotropic
displacement parameters [3].

Comment

For the study of behaviour and reactivity of tetrel element
Zintl compounds in solution, liquid ammonia has been
found to be highly suitable [8, 9]. To support the dissolu-
tion of the solid Zintl compounds often sequestering agents
like crown ethers or cryptands are necessary. During our
investigations with the goal to extend or interconnect such
clusters via additional tetrel or transition metal atoms
[9, 10], [2.2.2]cryptand has been used to dissolve K4Sn9 in
liquid ammonia in presence of GeCp2. As found in several
examples where the Cp component forms well-crystallised
side products [9, 11–13] the title compound has been ob-
tained as a crystallised product of a partial metathesis re-
action, while the remaining ingredients, Ge as well as
[Sn9]

4− cluster anions, were not found as parts of crystalline
phases after this experiment.

[K(crypt-222)]Cp crystallises in space group P21/c with
one formula unit as the asymmetric unit and all atoms are
at general positions. The cyclopentadienyl counter anion is
formed by a regular pentagon of C atoms with C–C dis-
tances in a very narrow range of 1.399(2) and 1.402(2) Å and
C–C–C angles are between 107.67(12) and 108.29(12)°, all

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

K . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA −. () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB −. () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()

Table : (continued)

Atom x y z Uiso*/Ueq

HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
HA . () . () . () . ()*
HB . () . () . () . ()*
C . () . () . () . ()
H . () . () . () . ()*
C . () . () . () . ()
H . () . () −. () . ()*
C . () . () . () . ()
H . () . () −. () . ()*
C . () . () . () . ()
H . () . () . () . ()*
C . () . () . () . ()
H . () . () . () . ()*
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atoms are perfectly planar (angle sum 540.00°). The H
atoms of the anion, which are freely refined without any
constraints, are in plane, too, and are found in C–H dis-
tances between 0.928(13) and 0.965(14) Å. The potassium
cation is coordinated by one [2.2.2]cryptand molecule with
K–O distances between 2.7781(9) and 2.9009(9) Å and K–N
distances of 2.9675(11) and 3.0056(11) Å. Separated this
way, no close contacts between K+ and Cp are observed. The
shortest intermolecular distances between the K atom and
atoms belonging to the anion are K–H19 (5.38 Å) and K–C19
(6.34 Å). This is in contrast to pure KCp which is found to
crystallise in polymeric “multidecker” strands [14, 15], while
the presence of crown ether often induces the formation of
molecular [(18-crown-6)K(Cp)] [16] or even double-sandwich-
like [(18-crown-6)K(Cp)K(18-crown-6)]+units [17], all including
η5 coordination of theK atomswith K–Cdistances around 3Å.
In the title compound the (K[2.2.2]crypt) complex and the Cp
anion are packed in an 1:1 ion packing with identical ten-
membered polyhedra of three equally charged ions and seven
oppositely charged ions. The shortest C–C distances between
different Cp− ions are 4.65 Å and possible π–π interactions are
not observed. Hydrogen bonds to electronegative O or N
atoms of the cryptand which are sometimes formed e.g. with
crown ether molecules [13], can also be neglected as the
shortest intermolecular C–O distance is 3.81 Å (H⋅⋅⋅O 2.94 Å,
C–H⋅⋅⋅O150°). Thus, in absenceof anynoteworthy interactions
to neighbouring entities the anion in the title compound can
be considered as an example of a “naked” cyclopentadienyl
group.
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