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Bis( 1,4-diarnmoniobutane) diaquahydrogen hexachlororho- 
date (111) dichloride, [ H3N - (CH,), ~ NH3] ,[ H50J [ RhC16] C12 
(l) ,  was synthesized by the reaction of rhodium(II1) chloride 
with 1,4-diaminobutane dihydrochloride in concentrated hy- 
drochloric acid. The red compound slowly decomposes at 
room temperature, but is stable for months and up to 106°C 
(DTA) under hydrogen chloride. Crystals of 1 were obtained 
by diffusion-controlled crystallization (space group P I ) .  The 
solid-state structure can be considered as a sequence of lay- 
ers linked by hydrophobic interactions between the aliphatic 

chains of the 1,4-diarnmoniobutane ions. Within these layers 
the hydrophilic building blocks (hexachlororhodate and chlo- 
ride anions, the diaquahydrogen cations and the ammonio 
groups of the diammoniobutane cations) are connected by a 
complex system of O-H.-Cl and N-H.-Cl hydrogen bonds. 
The H50$ ion has a crystallographically imposed C, symme- 
try and shows the typical 1 :I  disorder of the central*hydrogen 
atom for a symmetrically strong [O-0  2.406(10) A] double- 
minimum potential 0 - H - 0  bond. 

Only a few data concerning the physical and chemical 
properties, the conditions of crystallization, and the solid- 
state structures of alkylammonium, alkylenediammonium, 
and dialkylenetriammonium hexachlororhodates are 
known to date. This is surprising as the history of this class 
of compounds can be traced back to the first rhodium com- 
pound, isolated at the beginning of the 19th century. Tn 
1804 by addition of ammonium chloride to aqua regia solu- 
tions, that he had obtained by dissolving residues of the 
platinum production process, Wollaston['I precipitated tris- 
(ammonium) hexachlororhodate(1 I I) monohydrate 
[NH&[KhC16] . H20 (2) and discovered the element rho- 
dium. In 1854[31 Claus and in 1883[41 Wilm reported on 
alternative procedures for the synthesis and crystallization 
of this compound. A few years later Vincent['] for the first 
time published a work on the synthesis and crystallization 
of rhodium salts by use of alkylamines. In 1914 v. Fraen- 
kelI6l summarized his findings about the crystallization and 
composition of several alkylammonium hexachlororho- 
dates and analogous hexachloroiridates. He was able to 
characterize all mono-, di-, tri-, and tetramethyl- as well 
as the corresponding ethylammonium hexachlororhodates. 
Gutbierl71 continued these investigations with different 
alkylamines and synthesized the first diammonioalkane 
hexachlororhodate, a compound with the formula 
[H1N-(CH2)2-NH3]2[RhC17] (3), which was discussed by 
Werner['] \?iith respect to its apparent heptacoordinated 

[OlPart 111: Ref."]. 

To date the following ammonium salts with the hexachlo- 
rorhodate anion were characterized by X-ray crystallogra- 
phy: The monohydrate 2 of the parent compound 
[NH4]3[RhC16]['0~'11, the bis(diammonioa1kane) hexachlo- 
rorhodates 4[121 and 5[131, tris(guanidiniun1) hexachloro- 
rhodate monohydrate (6)['1, and diethyienetriammonium 
hexachlororhodate (7)[lJ1. In the course of the investigations 
of diammonioalkane hexachlororhodates exploring a,o-di- 
ammonioalkane cations of different lengths as elements of 
crystal engineering, we succeeded in synthesizing and 
characterizing the structure of bis( 1,4-diammonio butane) 
diaquahydrogen hexachlororhodate(IT1) dichloride, 
[H3N-(CH2)4-NH3]2[H502][RhC16]C12 (1). In the litera- 
ture only few ammonium oxonium double salts are de- 
scribed, either with tetraalkylammonium ions[l51 or with 
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species generated by protonation of complicated bicyclic ni- 
trogen bases[’6], both types being not capable of participat- 
ing in extensive hydrogen bond formation. 

Preparation and Characterization 

Mixing of hydrochloric acid solutions or 1,4-diaminobu- 
Lane dihydrochloride and rhodium(II1) chloride yields a 
inicrocrystalline carmine red precipitate of 1 within a few 
minutes, which is insufficiently solublc in the solvent up to 
the boiling point for recrystallization. Larger, dark red crys- 
tals of this compound could only be obtained by slow dif- 
fusion-controlled crystallization. The compound slowly de- 
composes in air at room temperature, but is stable under 
hydrogen chloride for a prolonged period. In a closed am- 
poulc with a trace of mother liquor it is remarkably ther- 
mally stable. According to DTA measurements decompo- 
sitioii starts at 106°C under these conditions, yielding a 
mixture of amorphous black and red products. 

For a long time we did not succeed in growing X-ray 
quality crystals of 1. Therefore a closer inspection of the 
compound was first based mainly on elemental analysis and 
spectroscopic results. With respect to the percentage con- 
tents of C, H, N, and C1 and to the UV/Vis spectrum, that 
confirms the presence of [RhCl6]’- in 1. the components 
H 2 0  and H,O ‘ are both needed to obtain a satisfying for- 
mula for 1. 

The IR spectrum in the range between 4000 and 400 
cm-’ shows the complete set of bands for the diam- 
moniobutane cation known rrom its dichloride[”] with a 
maximum deviation of the band maxima of 5 cmP1. Ad- 
ditional features in the spectrum of 1 in this region are (i) 
a very strong and broad band at 3350 cm-‘, (ii) a strong 
band at 1626 m-’, and (iii) a very broad band of medium 
intensity in the range between 800 and 350 cm-’ with the 
typical sharp bands of the diammoniobutane ion superim- 
posed to it. The absorption band around 300 cnir’ is as- 
sociated with the Rli-Cl asymmetric stretching mode 
v3(Flu). The triple of bands at 329, 303, and 275 cm-’ is 
related closely to the spectrum of K3RhC16.H20 in this re- 
gion [328, 305, and 277 cm-l[lx], 328, 306, 283 (276 sh) 
c ~ n - ~ [ ’ ~ ] ]  suggesting similar low-site symmetry for RhC12- 
in 1 and in this compound. 

The presence of single water molecules and H30+ ions 
not involved in further significant interactions can be ruled 
out by means of the IR data. Water of crystallization 
is typically indicated by two sharp bands 
([enH2l2[RhCl6]Cl.H20: 3587, 3530 cmP1r1’I; 
Na2[Fe(CN),NO].2 H20: 3616, 3545 cm-1L201). In the spec- 
tra of oxonium compounds usually four broad and intense 
bands are assignable to the fundamentals of the pyramidal 
H30‘ ion[21], a feature that was also found for H50_+ ions ‘ 

with a strong but asymmetrical central O-H...O bond[2’]. 
In this context the present IR spectroscopic results may be 
interpreted satisfactorily, if not uniquely, according to cen- 
trosymmetric H50Z ions. Further evidence is provided by a 
comparison with the IR spectra of [H502][C104][22] and 
[H502]C1[23~24]. The spectrum of the first compound shows 
clearly distinguishable bands of thc centrosymmetric 
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H5OZ in thc same three regions a5 I ,  whereas the spectrum 
of the second compound, that is known to contain an 
asymmetric O-€I...O bond, is completely different[25]. 

The nature of 1 with its rather complicated looking for- 
mula can be described in several ways. First of all, it can be 
understood simply as a quasi-quaternary compound with 
the components 1,4-diammoniobutane, diaquahydrogen, 
hexachlororhodate, and chloride. Furthermore, it can be ra- 
tionalized as a triple salt of the known compounds 
[H3N(CH2)4NH3]C12[26] and [H502]C1(21,24] and the un- 
known [H,N( CH2)4NH3]3[RhC16]2. As will be later shown 
in detail, a description of the solid-state structure as an ad- 
dition compound of [H3N(CH2)4NH3]2[RhC1&C1. an ex- 
ample of the above-mentioned class of alkylammonium 
“hepta~hlorides”[~~~],  with hydrogen chloride dihydrate 
might be more valid: [H3N(CH2)4NH&[RhC16]- 
Cl.[H502]Cl. 

Crystal Structure 
Compound 1 crystallizes in the triclinic space group 

Pi. The structure determination bhows [RhC16]’-. 
[H3N-(CH2)4-NHI]2 ’ , C1 , and [H502]+ ions to be pre- 
sent in the crystal in a 1 :2:2: 1 ratio and thus confirms the 
ideas of the nature of the compound developed before. The 
rhodate and the hydronium ions have a crystallographically 
imposed C, symnietry, the diaininoniobutane and the chlo- 
ride ions are in general positions. Bond lengths and anglcs 
in all the complex units are as expected, taking into account 
their solid-state interactions. Figure 1 shows all the building 
blocks of the structure of 1 together with thcir direct en- 
vironments. 

The [RhC1613- ion is surrounded by six NIi3 groups of 
six diammoniobutane cations and two H 2 0  groups of two 
diaquahydrogen cations, the central N and 0 atoms of these 
groups forming a rather regular cube. The C1 ligands of 
the rhodate ion are in good approximation arranged in the 
middle of the faces of the cube. All the hydrogen bonds 
between the [RhCI6]’- ion and the neighboring groups are 
weak. 

The 1,4-diamrnoniobutane ion has six near chlorine 
neighbors lying approximately in the direction of the six 
N-H bonds. The interactions must be considFred weak ac- 
cording to the N - 4 3  and O-CI (3.17-3.56 A) and H..Cl 
(2.43-2.69 A) distances. In its given conformation the di- 
cation reminds of a walking stick (please note the torsion 
angles given in the caption to Figure 1). From N1 to C4 
the aliphatic chain has an all-trans (zig-Lag chain-like) ar- 
rangement, and N2 is about 65” bent out of the plane de- 
fined by these atoms. 

The C1- ion (C14) in the structure is enclosed by one 
H,O: ion and two NH3 groups of different dications. The 
arrangement of C 14, 0 1, N 1 k, and N 1 i is nearly planar. 
Considering the shorter H3..C14 distance of 2.12(4) A 
tompared to the two longero distances H13k..C14 [2.43(5) 
A] and H22i**.C14 [2.54(5) A], it can be stated that C1- is 
primarily fixed at H502f. The HjOZ ion lies on a crystallo- 
graphic inversion center, and the central H1 atom shows 
[torsion angle H2-01.**011-H31 79(5)”] the typical dy- 
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Figure I .  Diagram of the ions of 1 with their environments (dis- 

placement ellipsoids at the 50% probability level)["] 
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Selected bond lengths [A], angles ["I, and torsion angles ["I: 
Rhl-C11 2.3546(6), Rhl -C12 2.3473(7), Rhl-C13 2.3551(7), 
Nl-Cl 1.480(3), N2-C4 1.487(3), C1-C2 1.505(3), C2-C3 
1.527(4), C3-C4 1.507(3), 01 -H1 1.06(8), 01-H2 0.98(4), 

C12 90.58(2), CIl-Rhl-Cl3 88.88(2), C12-Rhl-CI3 91.41(2), 
Nl-C1-C2 113.7(2), Cl-C2-C3 109.2(2), C2-C3-C4 115.9(2), 
N2-C4-C3 112.2(2), H2-01-H3 96(3), Nl-CI-C2-C3 
- 170.7(2), C 1 - C2-C3 - C4 - 1 72.0(2), C2 - C3 - C4 -82  64.1 (3); 
selected data concerning hydrogen-bonding geometry [A]: C11,-01 
3.399(4), ClI...N2b 3.259(3), C12-.N2b 3.345(4), C12---Nlc 
3.354(4), C12.,.Nld 3.578(4), C13...01 3.1 63(4), C13..,Nlc 3.525(4), 
C13-.Nld 3.291(4), C13.-N2e 3.227(4), C14-.01 3.015(4); symme- 
try codes: a: - x ,  -y, -z; b: 1 - x, -I), 1 - Z;  c: X ,  1 + y,  Z: d: 1 

x, -1 - y, -z;  e: -1 + x, y, - 1  + z; f: -1 + x, 1 + JJ, Z;  g: 
-x, - 1  - y, -z;  h: 1 + x, -1 + y, 1 + z ;  i: 1 - x, -y, -2; j: x, 

01-H3 0.87(4), all N-H 0.89 and all C-H 0.97; CIl-Khl- 

- 

-1 + y, Z; k: -1 + X ,  1 + y. -1 + Z; 1: - x ,  1 - y, -2. 

namic I : 1 disorder for a symmetrical double-potential well 
hydrogen The O...O bond length, the O-Ht,,,. 

bond lengths, the Hterm-O-Hterm, angles, and the geo- 
metric parameters concerning the disordered H atom site 
are very similar to the corresponding parameters found by 
X-ray diffraction studies of good 

One of the two crystallographically independcnt terminal 
H atoms (H2) is engaged in a weak bifurcated hydrogen 
bond to two C1 atoms of one hexachlororhodate anion, the 
second (H3) participates in the much stronger 
C14...H3-01 bond mentioned above in context with the 
C1- ion. 

Figure 2 shows a packing diagram of 1 viewed along [0 
0 -I]. The structure can be considered as a sequence of 
layers parallel to the b, c plane of the unit cell linked by 
hydrophobic interactions between the aliphatic chains of 
the 1,4-diamrnoniobutane ions. W i t h i n  these layers the 
hydrophilic building blocks (hexachlororhodatc and chlo- 
ride anions, the diaquahydrogen cations and the ammonio 
groups of the diammoniobutane cations) are connected by 
a complex system of 0-H-Cl and N-H-Cl hydrogen 
bonds in particular described above. Figure 3 shows the 
structure along [- 1 0 01, i.e. viewed in the direction perpen- 
dicular to the layers. A system of approximately brick- 
shaped cavities with their longer edges oriented parallel to 
[0 2 11 can easily be recognized. Every second of the cavities 
is filled with H50$ ions. In view of crystal engineering, the 
a,w-diammonioalkane cations act as intelligent building 
blocks, because their conformational flexibility enables 
them to act as cavity building elements with exactly the 
right lengths for the inclusion of the given guest ions. In 
this context attempts seem to be fruitful to synthesize com- 
pounds with enlarged cavities by use of longer-chain diam- 
ines with the aim to enclose larger H(H,O); ions or other 
species. 

Figure 2. Packing diagram of 1 along [0 0 - I]; hydrogen atoms are 
omitted for clarity; 0-H-CI and N-H.-CI hydrogcn bonds are 
represented by dashed lines between N and 0 atoms, respectively, 

and CI atoms 

We thank the Forsrhungsfond des Laades Rheinland-Pfalz, the 
Fonds der Chemisehen Industrie, and the Degussa AG for support. 

Experimental 
Rhodium trichloride was used as a 6 M hydrochloric acid solu- 

tion of RhCI,.n H20 containing 20%) of RhCI3 (Degussa AG). 12 
M Hydrochloric acid (99.9%, Riedel-de Haen) was used as received. 
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Figure 3. Packing diagram of 1 along [-1 0 01 as described for 
Figure 2 (top) and with cross-hatched circles for hexachlororhodate 
ions and grid lines demonstrating a system of nearly brick-shaped 

cavities, every second filled with H50$ ions (bottom) 

- Elemental analysis: Perkin Elmer Microanalyzer 240 - IR: nujol 
mull and KBr disk spectra, Perkin Elmer IR 883. - UV/Vis: Carl 
Zeiss, Spectralphotometer, Model1 DMR 10. 

[~i~N-(CH21,-NH,/2(H50,//RhCl~/Ci2 (1): 4 ml of 12 M hy- 
drochloric acid containing 0.1 5 g (0.72 mmol) of RhCI3 was care- 
fully added to a solution of 0.10 g (1.13 mmol) of 1,4-diaminobu- 
tane (putrescine) in 4 ml of the same 12 M acid to form a lower 
layer. After about one week, 0.23 g (52%) dark red prismatic crys- 
tals with medium diameters between 0.05 and 0.3 mm were isolated 
from the lower region of the still colorless top layer. - 
C8H33C18N402Rh (603.9): calcd. C 15.91, H 5.51, (346.96, N 9.28; 
found C 15.6, H 5.4, C1 46.6, N 9.1. - IR: P = 3394 (s), 3099 (s), 
2550 (w), 2010 (w), 1626 (m), 1605 (sh), 1580 (sh), 1464 (m), 1444 
(m), 1401 (w), 1330 (w), 1279 (m), 1109 (m), 1024 (w), 915 (w), 870 
(w), 760 (w), 580 (w, vb), 493 (w), 434 (w), 329 (w), 303 (w), 275 
(w). - UVNis (12 M hydrochloric acid): h,,, (lg &) = 250 nni 
(4.506), 413 (1.912), 518 (2.000)[291. 

Differential Therrnul Analysis. For investigation with an instru- 
ment Linseis L62 DTA, 20 mg of the dark red crystals of 1, grown 
as described above, were taken from the crystallization medium and 
sealed in a glass ampoule without drying. For calibration of the 

apparatus the melting points of potassium (63.3 "C) and indium 
(156.6"C) were used, while the heating rate was 2"C/min in all 
cases. Only one exothermic effect owing to the decomposition of 1 
could be detected (room temp. to 200°C; Tonset: 106.5"C; Tmct.: 
11 1.5"C; T,,,: 116.0"C; ToEset: 120.8 "C). With dry material con- 
tinuous decomposition occurred already at room temp., and DTA 
curves strongly depend on the heating rate and on the history of 
the material. 

Crystal Structure Analysis; Crystal sealed in thin-walled glass 
capillary; Siemens P4 diffractometer controlled by the XSCANS 
2. program, graphite monochromator, Mo-K, radiation (h = 

0.71073), SHELXS-86[3'] and SHELXL-93 programs[32] for struc- 
ture solution by Patterson method and refinement by full-matrix 
least-squares. Semiempirical absorption corrections were applied to 
the intensity data by use of Y' scans, max./min. transmission: 0.373/ 
0.248. Hydrogen atoms at the carbon atoms of the diammoniobu- 
tane ion were included by using a riding model and one common 
Uiso value for each group. Hydrogen atoms of the ammonio groups 
were allowed to rotate around the C-N bond direction by starting 
from positions taken from the difference Fourier map; common 
Uiso value for each group. Hydrogen atom positions at the diaqua- 
hydrogen cation were obtained from a difference Fourier map and 
included in the refinement with individual isotropic displacement 
parameters; the site occupation factor of the disordered HI atom 
was set to 0.5 and not refined. Anisotropic displacement param- 
eters for all nonhydrogen atoms were used. C8H33ClsN402Rh, M = 
603.93, triclinic, space group Pi, u = 7.4781(8), b = 9.2363(6), c = 
9.8471(8) A, a = 111.637(6), = 109.585(7), y = 94.177(8)", V = 
580.46(9) A' (38 centered reflections between 12.53 < 2 0  < 
30.02"), Z = 1, DCaI, = 1.728 g . ~ m - ~ ,  T =  293 K. Crystal size 0.1 
X 0.2 X 0.4 mm; o scan with variable scan speed: 4-25 "/min; scan 
range: 4.8 G 2 0  < 52.5" (-1 G h < 9, -10 < k < 10, -12 I 
< 1 I), 2386 reflections collected, 21 91 symmetry-independent re- 
flections (Riot = 0.0264), 2191 reflections used for refinement and 
1752 reflections with P > 2.0cr(P); 145 parameters refined; IV-' = 
I/o2(P), refined extinction coefficient x = O.OOOS(3) (e = kFJl + 
0.001 ~ ~ - d ~ / s i n ( 2 0 ) ] - " ~ ) ,  R 1 [ P  > 2.0 a (P) ]  = 0.0379, wR2 [all 
data] = 0.0657, AmaK/Amin - 0 3 - 0 . 4 6  ek3[331. 

[l]  W. Frank, G. .I. ReiO, Z. Naturforsch., Sect. B, in press. 
[*I Gmelin, Hundbook of Inorganic Chemistry, 8th ed., Rhodium 

Suppl., vol. Bl, Springer-Verlag, Berlin, 1982, p. 87. 
L31 C. Claus. Beitrage zur Chemie der Platinrnetalle, Festschrift 

Universitat Kasan, Dorpat, 1854, p. 11; T. Wilm, Ber. Dtsch. 
Chern. Ges. 1881, f4, 631. 

L41 T. Wilm. Bex Dtsch. Chem. Ges. 1883. 16. 3033. 
M. C. Vincent, M. Friedel, Cornpi Rend., Acad Sci. 1886, 
101, 322. 

L61 0. v. Fraenkel, Monatsh. Chem. 1914. 35, 119. 
1'1 A. Gutbier, Z. Anorg. Allgem Chem. 1923, 129, 61. 
1'1 A. Werner, Neuere Anschauungen auf dem Gebiet cler Anorgu- 

['I J. Meyer, M. Kawczyk, K. Hoehne, Z. Anorg. Allg Chem. 1937, 

'''1 U. Treiber, M. Zwilling, E. Schweda, J. Strlhle. Z. Nutuvforsch., 

nischen CEiemie, 3rd ed., F. Enke Verlag, 1923, p. 227. 

232, 410; J. Meyer, H. Kienitz, ibid 1939, 242, 281. 

Sect. B, 1986,41, 1. 
A. E. Bukanova, V. S. Sergienko, T. P. Siderova, V. N. Belan, L. 
K. Shubochkin, M. A. Porai-Koshits, Russ. J.  Inorc. Chem. - 
1988, 33, 379. 

['*I W. Frank, G. J. ReiD, Z. Naturforsch., Sect. B, in press. 
[ I3 ]  R. D. Gillard, D. E. Hibbs, C. Holland, M. €3. Hursthouse, K. 

M. A. Malik, G. Sikara, Polyhedron 1996, 15, 225. 
[I4] W. Frank. G. J. ReiB. 1. Kleinwachter. Z. Anorp. A l k  Chern. 

LI ~, 
1996, 622, 729. 

['*I A. Bino, F. A. Cotton, J Am. Chem. Soc. 1979, 101, 4150: A. 
Bino, F. A. Cotton, ihid. 1980, 102, 608. 

[ I 6 ]  R. A. Bell, G. G. Christoph, F. R.  Fronczek, R. E. Marsh, 
Science 1975, 190, 151; El Abraham, G. Nowogrocki, S. Sueur, 

1358 Chem. Ber. 1996, 129, 1355-1359 



Alkylammonium Hexachlorometallates, IV 

Actu CryJtullogr, Sect. B, 1978, 34, 1466; M. Leduc, A. L. 
Reauchamp, Acta Crwtallogu., Sect. C, 1994, 50, 1683. 

[I7] The Sadtler Handbook of Infrared Spectra (Ed.: W. Simons). 
Heyden & Son Ltd., London, 1978, p. 235. 

[18] P. J. Cresswell. J. E Fergusson. B. R.  Penfold. D. E. Scaife. 1 
Chem. Soc., Dalton Tra& 1972, 254. 

[")I J. E. Fergusson. R. R. Sherlock. Aust. J Chem. 1977.30. 1445. 
'''1 W. BeckrH. S. Smedal, Z. Natu$orsch., Sect. B, 1965, 20, 109. 
[?'I J. M. Williams in The Hydrogen Bond: Recent Development& in 

the Theory andExperiments (Eds.: P. Schuster, G. Zundel and C. 
Sandorfy), vol. 2: Structure and Spectroscopy, North Holland, 
Amsterdam, 1976, chapter 14. 

["I A. C. Pavia, P. A. Giguere, 1 Chem. Phys. 1970, 52, 3551. 
U. S. Pickering, Ber. Dtsch. Chem. Ges. 1893, 26, 277. 

[24] J. Lundgren, I. Olovsson, Actu Crystallogr. 1967, 23, 966. 
[251 A. S. Gilbert, N. Sheppard, J Chem. Soc., Chem. Commun. 

1971, 337. 
[26] K. Chandrasekhar, V. Pattabhi, Acta Crystallogr., Sect. B, 1980, 

36, 2486. 
P. A. Kollman, L. C. Allen, J Am. Chem. Soc. 1970, 92, 6101; 
R. Janoschek, E. G. Weidemann, H. Pfeiffer, G. Zundel, ibid 

FULL PAPER 
1972, 94, 2387; M. J. Frisch, J. E. Del Bene, J. S .  Binkley, H. F. 
Schaefer 111, J Chem. Phys. 1986, 84, 2279. 

fz81 D. Mootz, D. Boenigk, Z. Naturforsch., Sect. B, 1984, 39, 298; 
D. Mootz, E. J. Oellers. M. Wiebcke, Z. Anorn. Alln. Chern. - -  
1988, 564, 17. 

lZ91 A. W. Addison, R. D. Gillard, .I Chem. Soc., Dalton Trans. 
1973, 1187; K. A. Burkow, E. A. Busko, L. S. Lilich, Rum. J 
Inorg. Chem. 1970, 15, 821; A. M. Kristjanson, M. Lederer, 1 
Less Common Metals 1959, I ,  245. 

('"1 XSCANS, Release 2. lob, Siemens Analytical X-ray Instru- 
ments, Madison (Wisconsin), 1994. 

['l] G. M. Sheldrick, SHELXS-86, Program for the Solution of 
Crystal Structures, Universitat Gottingen, 1986. 

[321 G. M. Sheldrick, SHELXL-92, Program for the Refinement of 
Crystal Structures, Universitat Gottingen, 1992. 

'331 Further details of the crystal structure investigations are avail- 
able on request from Fachinformationszentrum Karlsruhe, D- 
76344 Eggenstein-Leopoldshafen, Germany, on quoting the de- 
pository number CSD-405721, the names of the authors, and 
the journal citation. 

[96 1361 

Chem. Beu. 1996, 129, 1355-1359 1359 


