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Related literature. Final atomic parameters are listed 
in Table 1.* The bond lengths and angles are listed in 
Table 2. Fig. 1 shows a thermal-ellipsoid plot (John- 
son, 1965) of the molecule with atom labelling and 
Fig. 2 displays the hydrogen-bond network in the 
crystal. 

The title compound is one of the ligands used to 
model the active centre of the metalloprotein of Fe ll 
called the ferroquinone complex (Boinnard, Cassoux, 
Petrouleas, Savariault & Tuchagues, 1990). It con- 
tains two imidazole rings and a carboxylic group and 
represents a simplification of the fundamental struc- 
tural elements that are believed to make up the 
ferroquinone complex. The HBIP molecule is a 
zwitterion, the predominant form for the amino 
acids. The two imidazole rings of the same molecule 
make a dihedral angle of 66.7 (1)°; the relative spatial 
positions of the N atoms and the carboxylic group 
are such that the molecule is expected to act as a 
tridentate ligand after removal of a proton and yield 

* Lists of structure factors, H-atom parameters, anisotropic 
thermal parameters and least-squares-planes equations have been 
deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 54980 (10 pp.). Copies may 
be obtained through The Technical Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
[CIF reference: PA0265] 

neutral MII(BIP)2 complexes containing g n N 4 0 2  
chromophores. 
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Abstract. [(CH3)3CNH3]2TeCI6, Mr = 488.6, mono- 
clinic, P2m/a, a=12.620(3) ,  b=15.719(5) ,  c = 
9.945 (2) A,, B = 90.14 (2) °, V =  1973.0 (9) A 3, Z = 4, 
Dx = 1.645 Mg m -3, A(Mo Ka) = 0.71073 A, /1. = 
2.318 m m - l ,  F(000) = 960, T =  289 K, final R = 
0.051 for 2630 unique reflections with I > 3tr(/). The 
structure may be regarded as having monoclinically 
distorted anti-CdI2-type packing of the composite 
ions forming puckered layers parallel to the ab plane. 
Each complex anion is surrounded by six cations, 
while each cation has three anion neighbours with 
C1...N distances in the range 3.233 (7)-3.584 (8),A,. 
The C - - N  axes of the cations are almost parallel to 

the c axis, the N atoms pointing in the layers. The 
TeC162- octahedron is distorted and noncentro- 
symmetric. 

Experimental. Crystals of [(CH3)3CNH3]2TeC16 were 
grown by slow evaporation of a concentrated HC1 
solution. A yellow prismatic crystal with dimensions 
0.35 × 0.30 x 0 .40mm was mounted in a glass 
capillary. Measurements were made on a Rigaku 
AFC-5R diffractometer with graphite-mono- 
chromated Mo Ka radiation (40 kV, 200 mA) at the 
X-ray Laboratory of Okayama University. Cell con- 
stants were obtained from a least-squares refinement 
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using the setting angles of 25 reflections i'n the range 
21 < 2/9 < 22 °. Based on the systematic absences of 
hOl, h = 2n + 1 and 0k0, k = 2n + 1, the space group 
was determined to be P2Ja. The intensity data were 
collected using the to-20 scan technique to a maxi- 
mum 20 of 55.0 ° (-16___h_< 16, 0_<k_< 20, - 1  _-_l 
_< 12). Of the 5513 reflections collected, 4705 were 
un ique  (Rin t = 0.045). The intensities of three rep- 
resentative reflections (403, 403 and 0714) which were 
measured after every 97 reflections remained con- 
stant throughout data collection. An absorption cor- 
rection based on azimuthal scans of three reflections 
was applied, the transmission factors ranging from 
0.77 to 1.00. The data were corrected for Lorentz 
and polarization effects. 

The structure was solved by Patterson method 
using PHASE (Calbrese, 1972) and DIRDIF 
(Beurskens, 1984). The "non-H atoms were refined 
anisotropically. No H atoms were located in the 
difference Fourier map and their parameters were 
not determined. The final cycle of the full-matrix 
least-squares refinement, minimizing Y w(lFo[ - 
IF~I) 2 [w = 4Fo2/o.2(Fo2)], was based on 2630 observed 
reflections [ I>  3o-(/)] and 154 variable parameters 
and converged to R = 0.05 l, wR = 0.052, (A/o-)max = 
0.82 and S = 1.92. The maximum and minimum Ap 
in the final difference Fourier map were 0.65 and 
-0 .72  e A -3. Atomic scattering factors were taken 
from International Tables for X-ray Crystallography 
(1974, Vol. IV). All calculations were performed on a 
VAX 3100 computer using TE.YSAN (Molecular 
Structure Corporation, 1989). 

The atomic parameters are given in Table 1.* 
Bond distances and angles are given in Table 2. The 
crystal structure is shown in Fig. 1. 

Table 1. Positional parameters and equivalent 
isotropic thermal parameters (A 2) with e.s.d.'s in 

parentheses 

B~q = (4/3)~/~jfl~/a~.ay. 

x y z B~q 
Te 0.22715 (5) 0.12633 (4) 0.15023 (5) 5.10 (3) 
CI(I) 0.0696 (2) 0.1188 (2) -0.0228 (2) 6.7 (1) 
C1(2) 0.2941 (2) 0.2640 (1) 0.0301 (2) 6.7 (1) 
C1(3) 0.3503 (2) 0.0298 (2) -0.0057 (2) 7.0 (1) 
Cl(4) 0.1565 (3) -0.0056 (2) 0.2469 (2) 8.8 (2) 
Cl(5) 0.3644 (3) 0.1361 (2) 0.3207 (3) 11.1 (2) 
C1(6) 0.1116 (3) 0.2109 (2) 0.2894 (3) 12.3 (2) 
N(I) 0.3639 (6) 0.4368 (4) 0.1828 (6) 5.8 (4) 
N(2) 0.5431 (5) 0.1693 (4) -0.1023 (6) 5.9 (4) 
C(I) 0.3284 (8) 0.4512 (5) 0.3292 (8) 5.3 (5) 
C(2) 0.388 (1) 0.3887 (7) 0.417 (1) 8.7 (7) 
C(3) 0.350 (1) 0.5427 (6) 0.364 (1) 8.9 (7) 
C(4) 0.2066 (8) 0.4318 (8) 0.332 (1) 9.0 (7) 
C(5) 0.5393 (7) 0.1749 (6) -0.2576 (8) 5.4 (5) 
C(6) 0.528 (1) 0.0842 (6) -0.314 (1) 8.5 (7) 
C(7) 0.6452 (8) 0.2145 (6) -0.303 (1) 7.9 (6) 
C(8) 0.4412 (9) 0.2292 (8) -0.292 (1) 9.9 (7) 

Table 2. Bond lengths (A) and angles (o) with e.s.d.'s 
in parentheses 

Te---CI(I) 2.629 (3) N(I)--C(I) 1.542 (9) 
Te--CI(2) 2.614 (2) N(2)---C(5) 1.548 (9) 
Te--CI(3) 2.671 (2) C(1)--C(2) 1.51 (I) 
Te--CI(4) 2.454 (3) C.(1)--C(3) 1.51 (1) 
Te--CI(5) 2.425 (3) C(1)--C(4) 1.57 (1) 
Te--CI(6) 2.413 (3) C(5)--C(6) 1.54 (1) 

C(5)--C(7) 1.54 (I) 
C(5)----C(8) 1.54 (1) 

CI(1)---Te----CI(2) 89.02 (8) N(1)--C(1)--C(2) 107.9 (7) 
CI(I)--Te---CI(3) 91.96 (8) N(I)---C(1)--C(3) 108.0 (7) 
CI(I)--Te--CI(4) 86.74 (9) N(1)----C(1)---C(4) 106.1 (7) 
CI(1)---Te----CI(5) 176.3 (1) C(2)--C(1)--C(3) 113.6 (9) 
CI(I)---Te---CI(6) 86.8 (1) C(2)--C(1)--C(4) 110.2 (8) 
CI(2)---Te---CI(3) 90.91 (8) C(3)--C(1)---C(4) 110.8 (9) 
Cl(2)--Te---Cl(4) 175.50 (9) N(2)--C(5)--C(6) 108.4 (7) 
Ct(2)---Te--CI(5) 92.1 (1) N(2)---C(5)---C(7) 106.8 (7) 
CI(2)---Te----CI(6) 90.1 (1) N(2)----C(5)---C(8) 106.0 (7) 
CI(3)--Te---CI(4) 87.71 (9) C(6)--C(5)----C(7) 110.2 (8) 
CI(3)---Te----CI(5) 91.5 (1) C(6)--C(5)--C(8) 111.1 (9) 
CI(3)--Te----CI(6) 178.3 (1) C(7)--C(5)--C(8) 114.0 (9) 
CI(4)---Te---CI(5) 92.3 (1) 
CL(4)---Te---CI(6) 91.2 (1) 
CI(5)---Te--CI(6) 89.8 (1) 

Related literature. The synthesis of [(CH3)3CNH3] 2- 
TEE16 has been reported (Ishida, Inada, Hayama, 
Nakamura & Ikeda, 1991). To our knowledge, the 
compound represents the first structural analysis of a 
tert-butylammonium hexahalometallate(IV) com- 
plex. The crystal data of the compounds containing 
tert-butylammonium ions are also very few (True- 
blood, 1987). Of the [(CH3),,NH4-n]2MC16 com- 
pounds (n = 1--4, M = Sn, Te, Pt) which are known 
to have an antifluorite-type structure at room tem- 
perature (Knop, Cameron & James, 1983; Wyckoff, 
1928; Ben Ghozlen, Daoud & Bats, 1981; Ishida, 
Ikeda & Nakamura, 1984; Wyckoff & Corey, 1929; 
Ikeda, Kadel, Weiss, Ishida & Nakamura, 1982; Berg 
& Sotofte, 1978; Mackenzie, Berg & Pawley, 1980), 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 54989 (11 pp.). 
Copies may be obtained through The Technical Editor, Interna- 
tional Union of Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. [CIF reference: AS0574] 
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Fig. 1. An ORTEPII (Johnson, 1976) perspective view along the a 
axis and atomic numbering. Thermal ellipsoids are drawn at the 
The 50% probability level. 
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(CH3NH3)2TeC16 exceptionally forms an anti-CdI2- 
type arrangement (Kitahama & Kiriyama, 1978). 

References 

BEN GHOZLEN, M. H., DAOUD, A. & BATS, J. W. (1981). Acta 
Cryst. B37, 1415-1416. 

BERG, R. W. & SOTOFrE, I. (1978). Acta Chem. Scand. Ser. A, 32, 
241-244. 

BEURSKENS, P. T. (1984). DIRDIF. Direct Methods for Difference 
Structures. Tech. Rep. Crystallography Laboratory, Toer- 
nooiveld, 6525 ED Nijmegen, The Netherlands. 

CALBRESE, J. C. (1972). PHASE. Patterson Heavy Atom Solution 
Extractor. Univ. of Wisconsin-Madison, USA. 

IKEDA, R., KADEL, R., WEISS, A., ISHIDA, N. & NAKAMURA, D. 
(1982). Bet. Bunsenges. Phys. Chem. 86, 685-689. 

ISHIDA, H., IKEDA, R. & NAKAMURA, D. (1984). Ber. Bunsenges. 
Phys. Chem. 88, 546-550. 

ISHIDA, H., INADA, S., HAYAMA, N., NAKAMURA, D. & IKEDA, R. 
(1991). Ber. Bunsenges. Phys. Chem. 95, 866-871. 

JOHNSON, C. K. (1976). ORTEPII. Report ORNL-5138. Oak 
Ridge National Laboratory, Tennessee, USA. 

KaTAHAMA, K. & IORP,'AMA, H. (1978). Acta Cryst. A34, $302. 
KNOP, O., CAMERON, T. S. • JAMES, M. A. (1983). Can. J. Chem. 

61, 1620-1646. 
MACKENZIE, G. A., BERG, R. W. & PAWLEY, G. S. (1980). Acta 

Cryst. B36, 1001-1006. 
Molecular Structure Corporation (1989). TEXSAN. TEXRAY 

Structure Analysis Package, version 5.0. MSC, 3200A Research 
Forest Drive, The Woodlands, TX 77381, USA. 

TRUEBLOOD, K. N. (1987). Acta Cryst. C43, 711-713. 
WYCKOFF, R. W. G. (1928). Am. J. Sci. 16, 349-359. 
WYCKOFF, R. W. G. & COVEY, R. B. (1929). Am. J. Sci. 18, 

437-445. 

Acta Cryst. (1992). C48, 1675-1677 

• •3• 7 •9-T e tra-t e•t-buty•-2•2•8•8-te trameth y•-•• • •-diphen y•- • •3•••7 •9 • • •-he xaaza- 
2,8-disila-4,6-digermadispiro[3.1.3.1]deeane 

BY HANS PREUT, BEATRIX KLEIN AND WILHELM P. NEUMANN 

Fachbereich Chemie der Universitfft Dortmund, Postfach 500500, D-4600 Dortmund 50, Germany 

(Received 25 November 1991; accepted 10 January 1992) 

Abstract. C32H58GezN6Si2, Mr = 728.20, triclinic, P1, 
a=9.182(11) ,  b=9 .774(9) ,  c = 11.784(10)A, a = 
107.27 (7), /3 = 100.16 (8), y = 98.05 (9) °, V= 
973 (2) A 3, Z = 1, Dx = 1.243 Mg m-3, a(Mo Ka) = 
0.71073A, /x = 1.61mm-1, F(000)=384, T =  
291 (1) K, final R = 0.0443 for 2186 unique observed 
[ F _  4.0or(F)] diffractometer data. The crystal 
consists of discrete molecular units. The central part 
of the centrosymmetric molecule is a planar 
four-membered Gc N - - G e m N  - ring [Ge--N 
1.851 (4), 1.852 (4); Ge...Ge 2.784(1); N...N 
2.441 (4) A; G e - - N - - G e  97.5(1); N - - G c  N 
82.5 (1)°]. A phenyl group is bound to each N atom 
of this ring and each Ge atom of this central ring 
is also a member of an outer four-membered 
Ge- - -N- -S i - -N- -  ring [Ge--N 1.829 (4), 1.824 (4); 
Si--N 1.713 (4), 1.735 (4); Ge...Si 2.608 (4); N...N 
2.441 (4) ]k; N - - G e  N 82.5 (2); GemN--S i  
94.8 (3), 94.2 (3); N - - S i - - N  88.6 (3)°]. The dihedral 
angle between the plane of the central ring and the 
least-squares plane through the outer ring is 
90.6 (2) °. A distorted tetrahedron [angles between 
82.5 (1) and 125.1 (1) °] around Ge is formed by the 
atoms bound to Ge. The phenyl rings bound to the 
N atoms of the Gc N - - G e  N ~  ring and this 
central four-membered ring are nearly [4.0 (2) °] 
coplanar. The coordination around Si is a distorted 

0108-2701/92/091675-03506.00 

tetrahedron with angles between 88.6(3) and 
115.5(3) ° . 

Experimental. The title compound has been obtained 
as the major product from the known germylene 
(Veith & Grosser, 1982) and phenyl azide at 298 K. 
Colourless crystals were obtained from a saturated 
THF solution by slow cooling to 253 K. A crystal 
platelet of approximate size 0.86 × 0.28 × 0.10 mm 
was used. Its quality was checked with optical 
polarizing microscopy. The crystal was mounted on 
the tip of a glass fibre with shellac. D m was not 
determined. Intensity data were collected with w/20 
scans, variable scan speed 4.5-14.6 ° min-1 in 0, scan 
width 1.2 ° + dispersion. A Nicolet R3m/V diffrac- 
tometer with graphite-monochromated Mo Ka 
radiation was used for preliminary examinations 
and data collection. The lattice parameters were 
determined from a least-squares fit of the angular 
settings for ten reflections with 20max = 24.8 °. oJ 
scans of low-order reflections along the three crystal 
axes showed acceptable mosaicity. Six standard 
reflections (4742, 050, 0~.7, 442, 030, 027) were 
recorded every 300 reflections; only random devia- 
tions were detected during 38.4 h of X-ray exposure. 
4902 reflections with 2.0 _< 20 _ 45.0 °, - 10 _< h _ 6, 
- l l _ < k _ < l l ,  - 1 3 - l - < 1 3  were measured. The 
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