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[(12-crown-4)Li(A)], (3) (Blaschette, Nagel & Jones, 
1994), and [(12-crown-4)Li(Z)], (4) (Jones, Moers & 
Blaschette, 1997), where 15-crown-5 is 1,4,7,10,13- 
pentaoxacyclopentadecane and 12-crown-4 is 1,4,7,10- 
tetraoxacyclododecane. Apart from the appropriate num- 
ber of crown-ether O atoms, the metal is coordinated by 
two geminal O atoms of A- in (3), by only one O atom 
of Z-  in (4), and by one O and the N atom of A- in (2), 
thus attaining an overall coordination number of five in 
(4), six in (3) and seven in (2). The present result shows 
that the (15-crown-5)Na ÷ fragment, in contrast to (12- 
crown-4)Li ÷, displays essentially the same coordination 
behaviour towards both A- and the bicyclic analogue 
Z - .  
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Abstract 

In the title complex, [Na(C6H4NO4S2)(CIoH2oOs)], an 
irregular coordination sphere around Na ÷ is formed by 
the five O atoms of 15-crown-5 and the N and one 
O atom of the disulfonylimide 1,3,2-benzodithiazole 
1,1,3,3-tetraoxide(1-). In one C---C----O segment of the 
polyether ring, two successive gauche torsion angles of 
the same sign constitute a conformational corner. 

Comment 
The synthesis and structure determination of the ti- 
tle compound, (1), form part of our studies on the 
coordination behaviour of metal cations of Groups 1 
and 2 towards di(organosulfonyl)amide anions, e.g. di- 
(methanesulfonyl)amide, (CH3SO2)2N- (A-), or 1,2- 
benzenedisulfonylimide(1-), C6H4(SO2)2N- (Z-). In 
earlier work, we reported the structures of [(15- 
crown-5)Na(A)], (2) (Blaschette, Nagel & Jones, 1993), 

t Part XCIV: Hamann, Blaschette & Jones (1997). 

@ 1997 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

. Na +.:ili'_'Q~..- NNx/S~ 
/ / '"', / . S / ' ' ~  

(1) 

The asymmetric unit of (1) is shown in Fig. 1 
(selected geometric data are presented in Table 1). 
The Na ÷ ion is coordinated by the five ether O 
atoms and the N and O1 atoms of the anion in 
an irregular arrangement. A major difference between 
structures (1) and (2) is furnished by the Na--X(anion) 
interactions. Although the bite angles O m N a - - N  of the 
anions are identical, the Na--O1 and Na--N distances 
in (1) are quite similar, whereas in (2), the Na- -  
O(anion) bond length is ca 0.4 ,~, shorter than Na--N 
[(1): Na--O1 2.627(3), Na--N 2.610(3)A and O 1 ~  
Na--N 55.7[ (8)°; (2): Na~O(anion) 2.349 (2), N a -  
N 2.758(2)A and O(anion)mNa~N 55.7(1)°]. It is 
conceivable that the divergent coordination behaviour 
of A- and Z-  in (1) and (2) and, more markedly, in (3) 
and (4), results from different steric demands of their 
respective N(SO2C)2 moiety, which approximates to 6"2 
symmetry in A- and to Cs symmetry in Z- .  
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Fig. 1. The structure of the title compound in the crystal. Ellipsoids 
represent 30% probability levels and H-atom radii are arbitrary. 
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The (15-crown-5)Na ÷ fragment  of  (1) is very sim- 
ilar to that in (2). The Na---O(crown)  distances and 
the O----Na---O angles  between adjacent N a - - O ( c r o w n )  
bonds average 2.427 A and 68.3 °, respectively [for (2): 
2.433 A and 69.3°]. The crown O atoms are far from 
being coplanar; their mean distance from the least- 
squares plane is 0.338 ]k,.and the greatest deviations of  
- 0 . 4 8 9  (2) and 0.439 (2) A are observed for 0 7  and 08 ,  
respectively. The Na cation lies 0.846 (2),~, out of  the 
mean plane of  the crown O atoms [in (2): 0.78 A]. The 
C - - O  °(average 1.426,~,) and C - - C  distances (average 
1.484 A), and the C--O-----C angles (average 114.1 °) are 
unremarkable.  Apart  f rom the C9---C 10---O6 segment, 
all C - - O  torsion angles are trans and all C - - C  tor- 
sion angles are gauche and alternating in sign (average 
absolute values: C - - O - - - C - - - C  171.8 and O - - - C - - C -  
O 62.2°). In the aforementioned segment,  two succes- 
sive gauche torsion angles of  the same sign constitute 
a conformational  comer  (Dale, 1973) and induce an ex- 
ceptionaUy large bond angle at C10 [ O 5 - - C 9 - - C  1 0 - -  
0 6  - 5 8 . 8  (4), C 9 - - C 1 0 - - O 6  C l l  - 8 2 . 8  (4) and C 9 - -  
C10---O6 111.7 (3)0]. 

As in (4), the anion Z -  of  (1) approximates to Cs 
symmetry.  The C and S atoms are essentially coplanar, 
the largest deviation from their mean plane and their 
mean out-of-plane distance being 0.055 (1) (for S 1) and 
0 .032A,  respectively. The N atom lies 0.129 ( 3 ) A  out 
of  the same plane [in (4): 0.310 (2) ~,] ; its trigonal- 
pyramidal  coordination is described by the appropriate 
bond angles in Table 1 and its distance, 0.380 (3 )A,  
f rom the plane defined by Na, S 1 and $2. 

Experimental 

1,2-Benzenedisulfonylimide (HZ) was obtained as previously 
described (Blaschette, Jones et al., 1993). Dissolving 0.50 g 
(2.3 mmol) of HZ and 0.09 g (2,3 mmol) of NaOH in 60 ml 
of deionized water, evaporating the heated solution until 
the onset of turbidity and storing at ambient temperature, 
afforded NaZ.HzO (92% yield), which was dehydrated in 
vacuo over P4Oi0 (24 h, 353 K). To prepare complex (1), a 
solution of 0.48 g (2.0 mmol) of NaZ and 0.43 g (1.9 mmol) of 
15-crown-5 in 60 ml of dry methanol was evaporated in vacuo 
to ca 10 ml and stored at 253 K; the product crystallized in a 
yield of 0.65 g (74%); m.p. 446 K. Elemental analysis: found 
C 41.68, H 5.27, N 3.00, S 13.62%; CI6H24NNaO9S2 requires 
C 41.64, H 5.24, N 3.04, S 13.90%. IH NMR (200MHz, 
DMSO-d6): 6 3.55 (s, 20H, 15-crown-5), 7.67-7.78 p.p.m. 
(4H, aromatic H). 

Crystal data 

[Na(C6H4NO4S2)- Mo Ka radiation 
(CioH20Os)] A = 0.71073.4, 

M, = 461.47 Cell parameters from 54 
Monoclinic reflections 
P21/n 0 = 10.0-11.5 ° 

a = 14.963 (4) ,~, o 
b = 9.780 (3) A 
c = 15.734 (5) 
/3 - 115.76 (2) ° 
V = 2073.7 (11) .~3 
Z = 4  
D~ = 1.478 Mg m-  
O,, not measured 

Data collection 

Stoe Stadi-4 diffractometer 
w/0 scans 
Absorption correction: none 
3806 measured reflections 
3660 independent reflections 
2795 reflections with 

I > 2or(/) 
eint  = 0.029 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.047 
wR(F 2) = O. 117 
S = 1.030 
3660 reflections 
262 parameters 
H atoms constrained 

2 w = l/[cr (F,,) + (0.0434P) 2 
+ 2.0518P] 

where P = (F,~ + 2F~2)/3 

# = 0.326 mm-i  
T = 143 (2) K 
Rhombus 
0.7 x 0.4 x 0.3 mm 
Colourless 

0max = 25.02 ° 
h = - 8 - - - *  17 
k = - 6  ---~ 11 
1 = - 18 ~ 13 
3 standard reflections 

frequency: 60 min 
intensity decay: none 

( m / O ' ) m a x  < 0.001 
Apmax = 0.309 e /~-3 
Apmin = -0.309 e ]k -3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

o 

Table 1. Selected geometric parameters (A, o) 

Na--O7 2.407 (3) 
N a---O5 2.412 (3) 
Na---O6 2.434 (3) 
Na- -O8 2.438 (3) 
Na----O9 2.444 (3) 

O7--Na-- -O6 69.48 (9) 
O5--Na----O6 69.23 (10) 
O7--Na-- -O8 67.45 (10) 
O5--Na-- -O9 68.42 ( I I ) 
O8--Na-- -O9 66.95 (12) 
O 7 - - N a - - N  145.14 (10) 
O 5 - - N a - - N  90.17 (9) 
O6---Na--N 103.48 (9) 
O 8 - - N a - - N  I I 1.00 ( I 0) 
O 9 - - N a - - N  102.06 (10) 

CI6-- -O9---C7--C8 - 179.7 (3) 
C9--O5---C8----C7 - 167. I (3) 
O9- -C7- -C8- - -O5  65.0 (4) 
C8--435---C9---C10 - 179.9 (3) 
C 11 ---O6---C I 0----C9 - 8 2 . 8  (4) 
O5----C9--C 10---O6 - 5 8 . 8  (4) 
C I 0----O6--C I I ------C 12 175.0 (3) 
C 13-- -O7--C12--C 11 169.8 (3) 

Na- -N  2.610 (3) 
N a - - O I  2.627 (3) 
S I - - N  1.588 (3) 
S2 - -N  1.584 (3) 

O7--Na-- -O 1 89.63 (9) 
O5--Na----OI 135.20 (10) 
O6---Na----O 1 89.77 (9) 
O 8 - - N a - - O I  88.93 (10) 
O9--Na-- -O I 139.79 (10) 
N--Na-- -O 1 55.71 (8) 
S 2 - - N - - S I  115.75 (16) 
S 2 - - N - - N a  135.74 (16) 
S I - - N - - N a  94.80 (12) 
S 1 ------O 1--Na 98.01 (12) 

O6------C I 1 ---C 12---O7 - 6 6 . 0  (4) 
C 12---O7--C 13--C 14 173.3 (3) 
C15---O8------CI4--CI3 - 160.6 (4) 
O 7 - - C  13---C 14----O8 58.0 (5) 
C 14--&)8---C 15--C 16 161.8 (4) 
C7-- -O9--C 16--C 15 -179.1  (3) 
O 8 - - C  15---C 16---O9 - 5 9 . 8  (4) 

The index ranges given above were not covered fully; 
however, a complete quadrant of data is present. H atoms 
were treated as riding. Elongated ellipsoids of some crown 
ether atoms may indicate the typical conformational flexibility 
of a large ring system. 

Data collection: DIF4 (Stoe & Cie, 1992a). Cell refinement: 
DIF4. Data reduction: REDU4 (Stoe & Cie, 1992b). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990). 
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Program(s) used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular graphics: XP (Siemens, 1994). Software used 
to prepare material for publication: SHELXL93. 

We thank the Fonds der Chemischen Industrie for 
financial support and Mr A. Weinkauf for technical 
assistance. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: LNI019). Services for accessing these 
data are described at the back of the journal. 
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which is apical. The other three TPPZ N atoms remain 
uncoordinated. The Cu--N distances are in the range 
1.975 (2)-2.058 (2)A, and the Cu--C1 bond lengths are 
2.214(1) and 2.465 (1) A,. 

Comment 
Tetra(2-pyridyl)pyrazine (TPPZ), known for nearly 30 
years, attracts the attention of chemists because it could 
act as a bis-tridentate ligand. However, this would 
require all five aromatic rings to be coplanar. Mutual 
steric hindrance of neighbouring pyridine rings (due to 
H atoms on their/3-C atoms) does not allow a coplanar 
arrangement and the bis-tridentate bonding mode can 
be achieved only by twisting the pyrazine ring (Graf, 
Greaves & Stoeckli-Evans, 1993; Valigura, Ondrejovi6 
& Anderson, 1997). 

Complexes with metal-to-TPPZ ratios of 1:1 and 1:2 
can be obtained. The 1:1 complexes may be either 
mononuclear or polynuclear through the formation of 
infinite chains. The crystal structure of [Cu(TPPZ)C12], 
(I), has been determined in order to distinguish between 
these two possibilities. 

CI 
/ / c ~  
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Abstract 
In molecules of [Cu(TPPZ)C12] [TPPZ is 2,3,5,6-tetra(2- 
pyridyl)pyrazine], the central Cu u atom has a square- 
pyramidal coordination environment, defined by three 
TPPZ N atoms and by two chloro ligands, one of 

(I) 

The crystal consists of discrete [Cu(TPPZ)C12] mol- 
ecules and is isostructural with [Zn(TPPZ)C12], (II) 
(Graf, Greaves & Stoeckli-Evans, 1993) (see Table 1). 
The metal-coordination polyhedra of (I) and (II) are best 
described as tetragonal pyramids, showing trigonality 
r parameters (Addison et al., 1984) of 0.11 and 0.07, 
respectively. The basal planes are formed by three TPPZ 
N atoms and by one chloro ligand; deviations from 
the best basal plane are less than 0.030(2)A, for (I) 
and less than 0.076 (2)A, for (II). The longer M - -  
CI bond in each complex involves the apical chloro 
ligand. The displacement of this ligand from the basal 
plane varies only slightly, from 2.752 (1),4, in (I) to 
2.811 (2)A, in (II). The displacements of the metal atom 
from the basal plane are 0.327 (1) and 0.572 (2)A, for 
(I) and (II), respectively. The greater displacement of 
the Zn atom, together with the similar sizes of the 
coordination polyhedra of both complexes, result in the 
M--Cl(apical) distance being shorter in (II) than in 
(I) (see Table 1). The difference in the central-atom 
displacements from the basal plane may be explained 
by the difference in their covalent radii (rcu = 1.17 and 
rzn = 1.25 ~,). 
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