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15.198 (2)/~, a = 92.14 (2), /3 = 95.04 (1), 3/= 
98"78 (2) ° . The structure is very similar to the one 
discussed above with a Cu 2÷ pentacoordinated by 
four N and one O donor, but there is no water 
molecule in this compound. No further work on this 
form is planned. 

The support of this work by the Swiss National 
Science Foundation (Project N. 2000-5.372) is grate- 
fully acknowledged. 
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Structure of Bis( -pentamethyleydopentadienyl)ehromium(lll) Iodide, I Cr(CsMes)2]l 
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Abstract. C20H3oCr+.I - ,  Mr = 449.36, triclinic, P1, 
a=10-414(3) ,  b=11 .721(3) ,  c=8 .710(3 )  A, a =  
100-96 ~!i  /3 = 98-99 (2), y = 80"89 (2) °, V = 
1021"8 Z =  2, Dx= 1"46 M g m  -3, Mo Ka, A = 
0.7107/~, /z = 2-04 m m -  1, F(000) = 454, T = 294 K, 
final R = 0.036 for 2136 reflections. The structure 
consists of a cationic moiety, in which a Cr atom is 
sandwiched between two CsMe5 rings, and an iodide 
counter ion. The rings are planar to within 0-05 A 
and are slightly rotated from an ideal eclipsed posi- 
tion by 6.6 °. The Cr--ring-centroid distances are 
1.863 (5) and 1-858 (5) A. 

In our effort to generate and isolate R3Si + we 
reacted (CsMes)2Cr and R3SiX (where R = Me, i-Pr 
and X = C1, Br, I) with the hope that the deca- 
methylchromocene would abstract the halide to form 
[(CsMes)2CrI] -and R3Si +. The solid products 
obtained, though ionic, had no silicon present as 
evidenced by 295i N M R  and the reactions appeared 
to have followed the course of Fischer's reaction 
described above. An X-ray structural analysis of the 
iodide analogue was carried out to determine the 
structure of the decamethylchromocene cation. The 
results of our study are reported herein. 

Introduction. The reaction of chromocene with hal- 
ides and alkyl halides produces the chromocenium 
cation (Fischer, Ulm & Kuzel, 1963; Kohler, de Cao, 
Ackermann & Seldlmair, 1983). The cationic species 
have so far only been characterized by elemental 
analysis and by paramagnetic ~H and ~3C N M R  
spectroscopy. Based on these analyses, the structure 
of the chromocenium cation in these salts is assumed 
to have the sandwiched structure characteristic of 
metallocenes. 

* Present address: Department of Chemistry, University of 
Zimbabwe, PO Box MP167, Mount Pleasant, Harare, Zimbabwe. 

t Present address: Department of Chemistry, University of 
Louisville, Louisville, Kentucky, USA 40292. 

Experimental. Bis(pentamethylcyclopentadienyl)- 
chromium(Ill) iodide was prepared by the reaction 
of (CsMes)2Cr and degassed Me3SiI in tetrahydro- 
furan under an argon atmopshere. Crystals suitable 
for X-ray analysis were obtained by slow diffusion of 
hexane into a CH2C12 solution of the compound 
(caution: the product decomposes in chlorinated sol- 
vents over a period of one week). The highly air- and 
moisture-sensitive crystals were mounted in glass 
capillaries by using a glovebox with an inert N2 
atmosphere. 

Orange cut plate, 0-14 x 0.32 x 0.43 mm; Enraf-  
Nonius CAD-4F diffractometer, graphite-mono- 
chromated M o K a  radiation; lattice parameters 
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from least-squares refinement of 25 reflections with 
17.5 _< O _< 21.0°; space group determined from 
examination of intensities and successful solution 
and refinement of the structure; 3198 unique reflec- 
tions collected, 2136 considered observed at the 3t r(/) 
level [or(/) from counting statistics]; 0m~x = 24 °, tO/20 
scans, scan range 1.5 (0.80 + 0.347tan0) °, scan speed 
1-4 ° min-1; three standard reflections (314, 260, 531) 
measured every 2400 s of X-ray exposure time, max. 
variation 0.5%; data collected: ___ h, + k, ___ l to max. 
indices of 11,13,9; data corrected for background 
and Lp; corrected for absorption using empirical 
method (DIFABS; Walker & Stuart, 1983), 
min./max, correction=0.76/1.30. Structure solved 
by Patterson method (I - located)  and difference 
Fourier techniques, refined by full-matrix least 
squares based on F, minimizing the function Y w(IFol 
-IF~I)2; w defined as [o.2(Fo) + (0.04/70)2]-1; 
SDP/VAX system of programs (Frenz, 1978); H 
atoms included in calculated positions (based on 
those found on a difference Fourier map) with 
isotropic thermal parameters set to 1.2 times B~q of 
the bonded atom; H-atom parameters were not 
refined; all non-H were refined with anisotropic ther- 
mal parameters. When I -  was treated as a single 
anisotropic atom: R = 0.087, wR = 0.082 and peaks 
over 3.0 e /~-3  were observed on a difference Fourier 
map. In final cycles I -  was treated as being dis- 
ordered over three positions with occupancy factors 
of 0-55, 0-30 and 0.15. The model converged with 
2136 reflections and 218 variables, R = 0.036, wR = 
0.045, max. (A/tr) = 5"75 (for disordered I - ,  max. 0.3 
for all other atoms), S = 1.46, isotropic extinction 
parameter 2.8 (6) × 10 -7, max. residual electron den- 
sity 0-34 (7) e /~-3  associated with I - .  Rint(/) = 0"018 
for 262 observations. Scattering factors were those of 
Cromer & Waber (1974). Anomalous-dispersion 
corrections were included for non-H atoms (Cromer, 
1974). Atomic parameters may be found in Table 1 

a n d  bond lengths and angles are given in Table 2.* 
An ORTEP (Johnsen, 1965) drawing is presented in 
Fig. 1. 

Discussion, The cation consists of a Cr atom sand- 
wiched between two CsMe5 rings. The sandwich 
structure is similar to those of other metallocenes. 
Both CsMe5 rings, including the carbons of the 
methyl substituents, are essentially planar to within 
0.05 A. The C--C and C--Me distances do not vary 
significantly and average 1.419 (5) and 1.508 (2)/~, 
respectively. Similarly, the C---C---C angles [average 

Table 1. Positional and thermal parameters, with 
e.s.d. 's in parentheses 

B~q = (8/3)rr2(a*2U'~, + b*2U222 + c'2U~33 + 2a*b*cosyU,2 
+ 2a*c*cosfl* Ui3 + 2b*c*cosot* U23). 

X y Z B~q(/lt 2) 
I1 0"20738 (8) 0"73293 (7) 0"1561 (1) 6"07 (2) 
12 0"2137 (1) 0"7105 (1) 0"1152 (2) 5"00 (3) 
13 0"1888 (3) 0"7670 (3) 0"2229 (5) 6"38 (8) 
Cr 0.27226 (7) 0.25155 (7) 0.2666 (1) 2.75 (2) 
CI 0.2901 (5) 0.2987 (5) 0.5250 (6) 3-7 (1) 
C2 0.2038 (5) 0.2126 (5) 0.4760 (6) 3.6 (1) 
C3 0.0938 (5) 0-2611 (5) 0.3789 (6) 3-4 (1) 
C4 0.1123 (5) 0.3756 (5) 0"3657 (6) 3-1 (I) 
C5 0.2337 (5) 0.3987 (5) 0.4571 (6) 3.4 (1) 
C6 0.4201 (6) 0-2870 (6) 0.6315 (7) 5-1 (2) 
C7 0.2220 (7) 0.0943 (5) 0.5240 (7) 5"8 (2) 
C8 -0.0246 (6) 0-2007 (6) 0.3102 (8) 5.3 (2) 
C9 0-0189 (6) 0.4595 (5) 0.2764 (7) 4.4 (1) 
CIO 0-2913 (6) 0-5130 (5) 0-4857 (8) 5-1 (2) 
Cl l  0.3938 (5) 0.2870 (4) 0.0986 (6) 3.1 (1) 
C12 0.4614 (5) 0-1931 (4) 0.1729 (6) 3.3 (1) 
C13 0.3856 (5) 0-0993 (4) 0.1368 (6) 3.2 (1) 
C14 0-2685 (5) 0.1350 (4) 0.0385 (6) 3-1 (1) 
C15 0.2751 (5) 0.2516 (4) 0.0155 (6) 3.0 (1) 
C16 0.4442 (6) 0.3999 (5) 0.1008 (7) 4.8 (1) 
C17 0.5974 (5) 0.1922 (5) 0.2686 (8) 4.9 (2) 
C18 0.4244 (6) -0.0176 (5) 0.1897 (7) 4-6 (1) 
C19 0.1603 (6) 0.0613 (5) -0.0315 (7) 4-3 (1) 
C20 0.1728 (6) 0.3232 (5) -0-0812 (6) 4.4 (1) 

OCt. 
0"55 
0"30 
0"15 

Table 2. Bond distances (A) and angles (o), with 
e.s.d. "s in parentheses 

Cr--C1 2-198 (5) C3---C4 1.413 (8) 
Cr~C2 2.207 (6) C3~C8 1-505 (8) 
Cr---C3 2.210 (5) C4----C5 1.421 (7) 
Cr--C4 2-201 (5) C4---C9 1.507 (7) 
Cr--C5 2-189 (5) C5--C10 1.516 (8) 
Cr- -Cl l  2.212 (6) C11---C12 1.417 (7) 
Cr--C12 2.209 (6) C11--C15 1-411 (7) 
Cr---C13 2.200 (5) C1 l--C16 1.494 (8) 
Cr--CI4 2"185 (5) C12--C13 1"413 (7) 
Cr---C15 2.193 (6) C12--C17 1-527 (7) 
C1--C2 1.418 (8) C13--C14 1-429 (7) 
C1--C5 1-417 (8) C13---C18 1.503 (8) 
C1--C6 1.520 (7) C14--C15 1-433 (8) 
C2---C3 1.423 (7) Cl4--Cl9  1.511 (8) 
C2--C7 1.498 (9) C15--C20 1-501 (7) 

C2---C1--C5 107-9 (4) C1--C5--C4 108.6 (5) 
C2--C1--C6 126.6 (5) C1--C5--CIO 125-1 (5) 
C5---C1--C6 125.5 (5) C4---C5----C10 126.3 (5) 
C1---C2---C3 107-6 (5) C12---C11---C15 107.8 (5) 
C1---C2---C7 126-2 (5) C12----C11--C16 125.5 (4) 
C3---C2----C7 126.2 (6) C15--CI 1--C16 126.6 (5) 
C2---C3---C4 108.8 (4) C11----C12----C13 109-0 (5) 
C2----C3---C8 124.5 (5) C11---C12--C17 125-0 (5) 
C4---C3---C8 126.6 (5) C13----C12----C17 126-0 (5) 
C3--C4----C5 107.2 (4) C12--C13--C14 107.7 (4) 
C3---C4--C9 126.7 (4) C12---C13---C18 125.5 (4) 
C5--C4--C9 126.2 (5) C14---C13----C18 126.8 (5) 
C13----C14--C19 125.9 (5) C13--C14----C15 107.4 (4) 
C11---C15----C14 108.3 (4) C15----C14--C19 126.6 (4) 
C14----C15---C20 125.6 (4) C11---C15--C20 126-2 (5) 

* Lists of structure factors, anisotropic thermal parameters and 
H-atom parameters have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
52459 (12 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography, 5 Abbey Square, 
Chester CH1 2HU, England. 

108-0 (3) ° ] are internally consistent. The rings are 
parallel to within 1 ° but are rotated from an ideal 
eclipsed position by 6.6 °. The Cr atom is found to lie 
equidistant, within experimental error, between the 
planes formed by the two tings [1-858(5), 
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c(S)L~i~ (~(7) 

C(1 O) C(9) C(4) C(8) 
C~'~) 0(9) ~ ' ;  C r ~18()18) 

c 0 7 ) ~  

0116) o115) 0(19) 

Fig. 1. ORTEP plot (Johnson, 1965) of [Cr(CsMes)2]÷.I -. Ther- 
mal ellipsoids are drawn at the 50% probability level. 

1.863 (5) A]. The average metal--ring-centroid 
distance for this formally Cr 3+ complex is slightly 
shorter than the distance found for (CsMes)2Cr204 
[1.931 (6) A] (Heberhold, Kremnitz, Razavi, 
Schollhorn & Thewalt, 1985) but slightly longer than 
that found for (CsPhaH)2Cr [1.832 (5) A] (Castellani, 
Geib, Rheingold & Trogler, 1987) which have formal 
oxidation states of + 5 and + 2 respectively. Meta l - -  
ring-C-atom averages are more consistent with 
values of 2.200(4), 2.200(6) and 2-197(5)A for 

complexes with oxidation states of  + 5, + 3 and + 2 
respectively. 

Financial support of this work was provided by 
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Kerr. 

References 

CASTELLANI, M. P., GEIB, S. J., RHEINGOLD, A. L. & TROGLER, W. 
C. (1987). Organometallics, 6, 1703-1712. 

CROMER, D. T. (1974). International Tables for X-ray Crystal- 
lography, Vol. IV, Table 2.3.1. Birmingham: Kynoch Press. 
(Present distributor Kluwer Academic Publishers, Dordrecht.) 

CROMER, D. T. ~ WABER, J. T. (1974). International Tables for 
X-ray Crystallography, Vol. IV, Table 2.2B. Birmingham: 
Kynoch Press. (Present distributor Kluwer Academic 
Publishers, Dordrecht.) 

FISCHER, E. O., ULM, K. & KUZEL, P. (1963). Z. Anorg. Allg. 
Chem. 319, 253-265. 

FRENZ, B. A. (1978). The Enraf-Nonius CAD-4 SDP- A Real- 
Time System for Concurrent X-ray Data Collection and Crystal 
Structure Solution. In Computing in Crystallography, edited by 
H. SCHENK, R. OLTHOF-HAZEKAMP, H. VAN KONINGSVELD & G. 
C. BASSI, pp. 64-71. Delft Univ. Press. 

HEBERHOLD, M., KREMNITZ, W., RAZAVI, A., SCHOLLHORN, H. 
THEWALT, U. (1985). Angew. Chem. Int. Ed. Engl. 24, 601-602. 

JOHNSON, C. K. (1965). ORTEP. Report ORNL-3794. Oak Ridge 
National Laboratory, Tennessee, USA. 

K()HLER, F. H., DE CAO, R., ACKERMANN, K. & SELDLMAIR, J. 
(1983). Z. Naturforsch. Teil B, 38, 1406-1411. 

WALKER, N. d~. STUART, D. (1983). Acta Cryst. A39, 158-166. 

Acta Cryst. (1990). C46, 747-750 

Structural Chirality of [Bis(desferrithiocin)lcopper(ll) 

BY C,~CILIE MAICHLE, WOLFGANG HILLER AND JOACHIM S ~ L E  

Institut fdr Anorganische Chemic der Universitdt Tdbingen, Au f  der Morgenstelle 18, D-7400 Tdbingen, 
Federal Republic o f  Germany 

AND THOMAS SCHECHINGER AND ULRICH WESER 

Anorganische Biochemie, Physiologisch-chemisches Institut der Universitdt Tdbingen, Hoppe-Seyler-Strasse 4, 
D-7400 Tdbingen, Federal Republic o f  Germany 

(Received 20 July 1989; accepted 21 August 1989) 

Abstract. [2-(3-Hydroxy-2-pyridyl)-4-methyl-4,5-di- 
hydro-4-thiazolecarboxylato(2-)][2-(3-hydroxy-2-py- 
ridyl)-4-methyl-4,5-dihydro-4-thiazolecarboxylic acid]- 
copper(II), [Cu(CIoHsN203S)(C10HIoN203S)], Mr = 
538.06, monoclinic, P2~, a = 10-412 (1), b = 6.656 (4), 
c = 16.788 (1) A, fl = 98.59 (3) °, V = 1150.5 A 3, Z = 
2, Dx = 1.553 M g m  -3, Cu Ka, A = 1.54184 A, lz = 
3-3739 mm-~,  F(000) = 550, T = 293 K. The final R 
value is 0.039 for 3465 significant [I > 3.o,(1)] reflec- 

tions. The Cu atom has a square-pyramidal coordi- 
nation sphere and is bound to two O and two N 
atoms, each in a trans position, and to one N atom 
in an axial position. The last bond exhibits a 
pronounced elongation [2.340 (4)/~] due to Jahn-  
Teller distortion. 

Introduction. Desferrithiocin (dflH2) is known to be a 
naturally occurring chelator and was isolated as the 
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