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On the Crystal Conformation of the (1:1) Complex between
Potassium Thiocyanate Sesqui Hydrate and 10,10’-Ethylene
Bis(1,4,7-trioxa-10-azacyclododecane) at —130 °C

P. GROTH
Department of Chemistry, University of Oslo, N-0315 Oslo 3, Norway

The syntheses of organic ligands of two monoaza-12-crown-4 rings linked together by a
single alkylene bridge between nitrogen bridgeheads have been reported.!
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When the free N,N’-bridged bis(1,4,7-trioxa-10-azacyclododecane) is allowed to react
with salt solutions containing Li*, Na* or K* cations and SCN- anions, stable complexes are
obtained. Since no definite conclusions about ring conformations could be drawn from *C
NMR studies of the free ligand and its complexes, X-ray crystallographic investigations have
been undertaken. The crystal structure determinations of the (1:1) complex with LiSCN 2
and of the free ligand® have recently been reported. The results for the KSCN complex are
now presented.

The crystals of C;gH36N,0g - KSCN - 13H,0 belong to the monoclinic sxstem with space
group P2)/c and cell dimensions a=10.745(3), b=12.501(3), ¢=38.515(5) A, f=102.17(2)°.
There3are two independent complexes in the asymmetric unit (D,=1.31 g cm™, D,=1.33
g cm™).

With 20,,,,=50°, w-scan, scan width 0.8° and MoKe-radiation, 4927 reflections were
recorded on an automatic four-circle diffractometer at ca. —130°C [using an

Fig. 1. Schematic drawing showing the numbering of atoms.
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Fig. 2. Schematic drawing illustrating the
probable disorder of the K2* complex car-
bon atoms.

observed—unobserved cutoff at 2.5 o(I)]. No corrections for absorption (¢=0.35 mm™) or
secondary extinction were applied (crystal size 0.3X0.5X0.2 mm). The structure was solved
by direct methods* and refined by the full-matrix least squares technique.’ All programs
used (except those for phase determination) are included in Ref. 5. Hydrogen atom
positions were calculated. Anisotropic temperature factors were used for non-hydrogen
atoms, and weights in least squares were calculated from the standard deviations in
intensities, o(l), taken as o(1)=|Cr+(0.02Cy)?]*2, where Cr is the total number of counts
and Cy the net count. H-atoms were refined with isotropic temperature factors. The final
R-value was 7.9 % (R,=6.8 %) for 4927 observed reflections.

Final fractional coordinates and Uj,, for non-hydrogen atoms are listed in Table 1. Fig. 1
is a schematic drawing of the ligands and the K* cations with their numbering. The range of
the maximum r.m.s. amplitudes for the carbon atoms of the K2* complex is 0.33—0.42
while that of the other atoms shown in Fig. 1is 0.17—0.27 A. This disorder-indication for the
K2* complex carbon-atoms, visualized in Fig. 2, is reflected in the average C—C bond
distance of 1.41 A (corresponding value for the K1* complex is 1.51 A), and also in some of
the N—C—C and O—C—-C bond angles (being unusually large). However, attempts to
introduce partial carbon atoms by calculating their probable positions from the thermal
parameters,® and then carefully refine their position, isotropic temperature factors and
occupancies, were (for unknown reasons) not successful for this complex. Apart from those
mentioned, all bond distances and angles of the ligands are normal within error limits. The
torsion angles of Table 2 show that all four 12-membered rings adopt the familiar [3 3 3 3]
conformation.’
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It may be noted that the nine angles at the bottom of this table are about 20° smaller than
the nine angles above, again reflecting the probable disordering of these carbon atoms. Both
potassium cations are eight coordinated, with average K*—O and K* N bonds of 2.752 and
2.875 A, respectively.

The thiocyanate anions, having no contacts at all with the potassium cations, are linked
by three water molecules, at least one of which is disordered. The thermal parameters and
bond distances arrived at for the anions demand disorder. The carbon atoms are smeared
out in the S—N direction (maximum r.m.s. amplitudes 0.46 and 0.47 A) and one of the
nitrogens has extremely small thermal vibration amplitudes. These findings are most likely
explained in terms of a mixture of SCN™ anions occupying approximately the same crystal
site, and orientated in opposite directions. Although the attempts to refine a disordered
model of this type were made with great care in order to avoid singularities, the results were
not satisfactory.

These unsolved disorder problems must take some responsibility for the relatively high
final R-value. Bad background recordings due to the long c-axis and the use of Mo-radiation
may be another reason.

Lists of thermal parameters, hydrogen atom parameters, bond distances and angles and
observed and calculated structure factors are available from the author.

Acknowledgement. The author thanks Dr. Klaus-Dieter Krautwurst for preparing the
crystals.
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