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The Crystal Conformation of 4,7,13,16-Tetraoxa-1,10-diazabi-
cyclo[8.8.2]eicosane Lithium Thiocyanate Hemihydrate at —130 °C

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

A reaction providirgg a novel type of bicyclic ligand with strong affinity for alkali cations has
been described.! °C NMR studies of the thiocyanates showed that the K* complex is
somewhat stronger than the Li* complex, although both are a great deal weaker than the
Na* complex.

X-Ray crystal structure determinations have been carried out in order to verify that both
rings of the Na* complex have the expected quadrangular [3 3 3 3] conformation,? and also

o
C )

Table 1. Final fractional coordinates for non-hydrogen atoms with estimated standard
deviations.

ATOM X Y z
(s} ] .0814( 2) 22420 1) 25Tt 4
o2 2780t 1) .2864C ) -4305C 1)
o3 .4919( 2) .2827C 1) .2823( 1)
04 .3080( 2) 22400 1) . 10940 1)
N4 43420 2) .3676C 1) . 12320 1)
N2 .3239( 2) .4389(C 1) SI33( 1)
CH -.0043( 3) .354¢8( 2) <1454 2)
c2 -.01768C 3) 24970 2) .4698( 2)
C3s .0859( 3) 24880 1) .35838( 2)
C+4 .1868( 2) 24340 1) .4426( 2)
cs .2360( 3) 37880 1) .46802( 2)
cs .32935( 3) 44620 1) .4284( 2)
cT .4569( 3) .4580C () .2927C 2)
cs .S535( 3) BTISC 4) .3309( 2)
Cs .54035( 3) .26460 2) .1942C 29
ci0 .4429( 3) 19190 2) . 43250 2}
CiHd 27440 3] 290350 2) 02290 2)
c42 .13688( 3) .3296( 2) 84770 2)
C43 47200 3) .4663( 1) . 43200 2)
Ca4 .21868( 3) -4981C () .2486( 2)
L+ .2754( S) .2952C 3) «.2548( <)
SA .T3687C 2) 04840 () 27830 2)
CA .6453( B) -.0087( 3) «1694( <)
NA 59410 8) -.0440( S) .0824( 8)
sSB .8486( 1) —-.00585( () -4136( 1)
cB .8242( 6) 02320 4) -56887( %)
NB «T127201 8) 03240 4) «29938( 4)
ow .5843( ©) —-.0454( 4} .1068( S)
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Fig. 1. Perspective drawing of the complex showing the numbering of atoms.

to settle the ring conformational problems for the free ligand and the complexes with LiSCN
and KSCN. A crystal structure determination of the free ligand has recently been reported.>
The results for the LiSCN complex are now presented.

The crystals of C;4,H,sN,0, - LiSCN - %HZO are monoclinic with space group P2;/n, cell
dimensions a=10.201(3), b=14.364(3), c=12.855(4) A, f=104.44(3), and Z=4. (D;=1.32 g
em™, Dp=1.30 g cm™). With 26,,,,=50°, MoKe-radiation, and an observed-unobserved
cutoff at 2.50([), 2485 independent reflections were recorded as observed on an automatic
four-circle diffractometer at ca. —130 °C. No corrections for absorption or secondary
extinction were applied (crystal size 0.4X0.4x0.2 mm). The structure was solved by direct
methods* and refined by full-matrix least squares techniquee.’> All programs used (except
those for phase determination) are included in Ref. 5. The thiocyanate anion is disordered
with about 50 % in each of two positions (labeled A nd B, respectively). Anisotropic
temperature factors were introduced for ordered non-hydrogen atoms, while those of the
thiocyanate anions were refined with isotropic temperature factors. This led to a large
negative value for NA and the corresponding Fourier map showed a splitted peak at that

car o ~. s x
WA NB
P1
by
g’ NA
cB' . /' ea e X
/ \\ ! ° \ -
sB oW SA
P2
y

Fig. 2. Schematic drawing of the disordered thiocyanate anions.
Acta Chem. Scand. A 39 (1985) No. 1



76 Short Communications

position. By introducing the oxygen of an assumed “half”’ water molecule, the thermal
parameters arrived at were reasonable. Weights in least squares were calculated from the
standard deviations in intensities, o(), taken as o(/)=[Cr+(0.02Cy)?J? where Cr is the total
number of counts and Cy the net count. Hydrogen atom positions were calculated. The final
R-values were as high as R=6.4, Ry=6.9 % for 2485 observed reflections, probably due to
poor crystal quality.

Final fractional coordinates for non-hydrogen atoms are given in Table 1. Bond distances
and angles and torsion angles may be found in Table 2 and Table 3, respectively. Fig. 1is a
perspective drawing of the complex, showing the numbering of atoms.

The dihedral angles of Table 3 show that both rings have chosen the familiar [3 3 3 3]
conformation.

L3 3 3 32

“Corner atoms” are C2, C4, C6 and C13 for the lower ring of Fig. 1, while C8, C10, C12
and C14 are the corners of the upper ring. Bond distances and angles are normal within
estimated limits of error. It may be noted that Li* is hexacoordinated without any contact
with the anion. The rather unusually high coordination number for Li* is reflected in the
somewhat long coordination bonds of Table 2 (ranging from 2.151 to 2.255 A).

The disorder may be described as a fifty-fifty mixture of unit cells with pairs of anions, in
positions P1 and P2, respectively, linked by water bridges (Fig. 2).

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

Acknowledgement. The author thanks T. Alfheim for preparing the crystals.
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