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The Crystal Conformation of 4,7,13,16-Tetraoxa-1,10-diazabi-
cyclo[8.8.2]eicosane in Complexes with NaSCN and KSCN at
-130 °C

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

The aim of the single crystal X-ray crystallographic investigations of the molecule
4,7,13,15-tetraoxa-1,10-diazabicyclo[8.8.2]eicosane and its complexes with LiSCN, NaSCN
and KSCN, is to study dissimilarities of this molecule and to correlate the findings with B¢

-

NMR results.! Crystal structure determinations of the free ligand and the Li* complex have

been reported earlier.>® The results for the Na* and K* complexes are now presented.
The crystals of C;4H;3N,04 - NaSCN and C,;4H,gN,0, - KSCN are both monoclinic with

space group P2;/m and Z=2. The cell dimensions are 2=8.318(3), b=11.921(7),

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

ATOM X Y z

NA+ 93310 1) .2500¢ 0) 89740 1)

S 1.4844C 1) .2500¢ 0) 1.2992( 1)

Cc 1.3506( 3) .2500( 0) 1.1335( 2)

N 1.2590( 3) .25000 0) 1.04159C 2)
o1 .8998( 1) . 43240 1) 1.08240 1)
Q2 -9580( 1) 43070 1) 10430 1)
N1 .666S( 1) . 412350 1) .1896( 1)
CH1A .6822( {2) .04S3( 15) .9082(21)
C2A .1354( S) .0884( 4) 1.0487( 4)
C3A .9430( 7T) .2109( %) 1.2099( %)
C4A .8568( 7)) 07940 4) .66185( S5)
CSA .8343( 8) .0384( 4) .6682( S)
C6A .9806( T) .1887( 5) .5849( S)
CIA 54480 S) .2028( 4) .1876( S)
ciB .B8279(0 12) .0881(16) .8928(21)
caB . 19351 S) .0252( 3) 1.0208( %)
czB .85241( 1) ATIIC 4 1.14843( 513
C4B T403C T .0333( 4) .6986( S)
cssB .8052( 7) .0831( <) .6102( S)
ceB 1.0483( B) .20168( S) .63720 5)
cB .5220( &1 .41860( 4) .6890( S)
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Table 2. Final fractional coordinates for non-hydrogen atoms with estimated standard
deviations for the KSCN complex.

ATOM X Y z
K+ +S043C 1) .2500C O) .876850 1)
S .82477C 1) .25000 O 4.3874C 1)
c .8657( 4) .2500( ©O) 1.4743C 3)
N .8275( %) .2500( ©) 1.0583( 3)
[oX] 472680 2) .3684( 1) .6439( 1)
Q2 .3844( 2) 3674 2) 1.0836( 1)
N4 . 1807 2) 37580 (1) 18430 2)
C1A .2297(041) .4647( 8) .87184( B)
C2A .3084( 1) 41540 5) .57156( 6]
C3A .S3T78( 11) .2936(C 1) .5809(C 1)
C4A .12430 5) .4498( 3) .8850( 4)
CSA .2894( 1) .47192( %) .9946( S)
CBA .3054( 8) .3296( S 41.4480C S)
C7A Q3740 T BA3T(0 4 .T104C S)
ciB AT0304 1) .42400 8) .8642( 6)
c2B .3504( 9) .4588( S) .6468( 5)
csB .448S(12) 341640 B) .5258( 613
C4B8 .2040t 6) .4496( 3) .8968( %)
csB .2200( 8) .4083( 4) 1.037s( S)
ceB .3948( 9) .27183( 4) 1.4828( %)
cTB .0286( B) .2929( 4] .1854( B6)

Table 3. Torsion angles with estimated stan-  Table 4. Torsion angles with estimated stan-
dard deviations for the NaSCN complex. dard deviations for the KSCN complex.

DI HEDRAL ANGLE t°) DIHEDRAL ANGLE te)
C2A -~ 04 — C3A —~ C3B' =T74.( 1) C2A — 0O{ - C3A - C3B' -T18.0 1)
C3A - 041 — C2A — CHA 183.( 1) C3A — 0Ot — C2A — CHA 1e68.( 1)
Nt — C41A - C2A — O+ -82.0 {1 N{ — C4A — C2A - Ot -84.0 4)
C1A — N4 — CHIA — C2A -89.( 1) CTA — N1 — C4A — C2A -70.0 1)
C4A - N4 — CTA - CTB' 1se.t 1) C4A — Nt - CT7A - CIB' 180.( 1)
N{4 — CTA = CTIB8'— N4' -84.( 1) Ni — CTA — Cc7B'~ Ni{' -T70.C 1)
CiB'— N4'— CIB'~ CTA -86.( 4) CiB'- Ni'— CTB'— CTA -T70.0 1)
ciB'- Ni'— C4B'— C2B' 180.C 1) cIB'~ Ni'= CiB'— C2B"' 1ISS.0 1)
N{'- C4B'— C2B'—- 01' -s3.,0 1) N{'—= C4B'- C2B'~ O14' ~-87T.( 1)
C38'~ 0O4{'— C2B'— CiB’ -90.( 1) C3B'— 04{'— C2B'— CiB' -80.( 1)
cz2B'— 0O4'— C3B'— C3A 170.0 1) Cz2B'— O4{'— C3B'— C3A 1s2.0 1)
04'— C3B'— C3A — O -s8.( 1) 01'— C3B'— C3A -~ O1 -6Q.( 1)
CSA — 02 — CBA - CEB' 1e2.0 1) CSA — 02 — CBA - CEB' 172.0 1)
C6A — 02 — CS5A — C4%A -89.( 4) CBA — 02 — CSA — C4%A -79.0 1)
Nt — C4A — CSA — 02 -80.0 1) N{ — C4A — CSA — 02 -58.0 1)
CTA — N1i - C4%A — CSA 1s9.( 1) C7A — Ni — C4A — CSA 159.0 1)
C4A — Ni{ — C7TA - CT1B' =3, 1) C4A — N4 — C7A — CIB° -89.0 1)
C4B'— Ni'— CTB'— CTA 180.( 42 C4B'— Ni'— CTB'— CTA isT.0 1)
c1B'— Ni'— C4B'— CSB' =T7.0 1) CTB'— Ni'~ C4B'— CSB' -50.0 1)
N{'— C4B'— C5B'— 02' -80.( 1) N{'— C4B'— CSB'~ 02' —-T4.0 4)
ces'— 02'— CSB'—- C4B’ | 8.0 1) CeB'~ 02'— CSB'—- C48B° 1s7.0 1)
CsB'— 02'— CBB'— CBA -72.0 1) CsB'~ 0©2'— CBB'— CBA =-T5.0 4)
02'—- CeB'—~ CSA — 02 -82.( 1) Q02'- CeB'~ CBA — 02 -80.0 1)

Acta Chem. Scand. A 39 (1985) No. 1



70 Short Communications

C7a

Fig. 1. Schematic drawing for one of the disordered ligands showing the numbering of
atoms.

c= 10.17754; A, B=111.90(3)° for the NaSCN complex, and a=7.799(2), b=12.131(5),
¢=10.301(2) A, B=103.28(2)° for the KSCN complex. Data were collected on an automatic
four-circle diffractometer at ca. —130 °C using the o-scan technique (260,,,,=50°) with MoKa
radiation. With an observed-unobserved cutoff at 2.50(J), 1353 and 1414 reflections were
regarded as observed for the Na* and K* complex, respectively. No corrections for
absorption or secondary extinction were made (crystal sizes 0.4x0.5x0.2 mm and
0.3x0.6x0.2 mm). The structures were solved by direct methods * and refined by full-matrix
least squares.’ All programs used are included in Ref. 5, except those for phase
determination. Although the intensity distribution [N(2)-plot etc.] strongly indicated centro
symmetric space groups for both complexes, attempts were made to solve and refine the
structures in space group P2,. However, the rather akward geometrical and thermal
parameters arrived at, as well as the final R-values of about 15 %, clearly pointed towards
disordered structures in space group P2;/m. For both complexes, the E-map corresponding
to the best figure of merit contained several split peaks indicating disorder, which was to be
expected from the space group and the number of complexes in the cell. Anisotropic
temperature factors were used for all non-hydrogen atoms. Maximum r.m.s. amplitudes lay
between 0.20 and 0.33 A. Hydrogen atom positions were calculated. The occupancy factor
G=0.5 was used for all disordered atoms. Weights in least squares were obtained from the
standard deviations in intensities, o(), taken as o(I)=[C;+(0.02Cx)*J? where Cris the total
number of counts and Cy the net count. The final R-values were R=3.6 % (Ry,=4.1 %) for
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Fig. 2. Tllustration of the disordered ligands.

the 1353 observed reflections of the NaSCN-complex, and R=4.6 % (R,,=6.1 %) for the
1414 observed reflections of the KSCN-complex. Final fractional coordinates with estimated
standard deviations for non-hydrogen atoms are given in Tables 1 and 2. Dihedral angles
may be found in Tables 3 and 4, which show that the ring conformation is [3 3 3 3]% in both
complexes.

(o]

C3 3 3 31
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This was also the preferred conformation in the LiSCN complex * while that of the free
ligand was [3 9].2 A comparison of the numerical values of the torsion angles reveals
particularly large changes in the gauche bonds at some of the “corner” atoms and in the
bridge C—C bond. These changes efficiently narrow and open the cleft between the rings in
order to adapt to the smaller Li* cation and the larger K* cation. Fig. 1 is a schematic
drawing showing the numbering of atoms (for one of the ligands only). In Fig. 2 the
disordered ligands, related by a mirror plane, are illustrated. No disorder could be observed
for the hetero atoms.

A coordination number of seven is found for Na* and K*, the anion being the seventh
ligand. Na* has attained its optimal coordination number and the ligand has little
conformational strain. The K* ion readily takes coordination numbers up to 10, and is here
clearly rather naked next to the anion. The coordination bonds to Na* vary between 2.46
and 2.60 A while those to K* range from 2.73 to 2.92 A.

List of hydrogen atom coordinates, thermal parameters, bond distances and angles as
well as observed and calculated structure factors, is available from the author.

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

. Alfheim, T., Dale, J., Groth, P. and Krautwurst, K.D. J. Chem. Commun. (1984) 1502.
. Groth, P. Acta Chem. Scand. A 39 (1985) 59.
. Groth, P. Acta Chem. Scand. A 39 (1985) 73.

. Germain, G., Main, P. and Woolfson, M. M. Acta Crystallogr. A 27 (1971) 368.
. Groth, P. Acta Chem. Scand. 27 (1973) 1837.

. Dale, J. Acta Chem. Scand. 27 (1973) 1115.

A NE WN =

Received August 23, 1984,

Acta Chem. Scand. A 39 (1985) No. 1



