
CRYSTALLOGRAPHY OF ORGANOMETALLIC, CO-ORDINATION AND MAIN GROUP 

C309

examined. We undertook the systematic synthesis and structural study 
of a large number of complexes. These were obtained with the above-
named ligands, with an odd number of methylene groups, and 
combined with ten different silver salts. The counter-anions belong to 
three distinct classes: A = weakly coordinating anions, B = sulfonates 
such as p-tosylate and trifluorosulfonate, and C = fluorocarboxylates. 

All complexes form extended networks of either 1D or 2D. Both 
the length of the ligand and the choice of the anion have a marked 
influence on the resulting crystal structures. For example, with 
complexes of L1, whatever the anion used, the 1D-coordination 
polymer is always observed. With type A anions, the ligand and Ag 
form a single chain and the anions are coordinated to the silver ions. 
With type B and C anions, the chains incorporate the anions in a 
double-bridge coordination mode. The chains are of the double-
stranded type. For complexes of L3, type A anions give rise to host-
guest compounds. The Ag and the ligands form 2D cationic sheets. 
The anions and the solvent are inserted within the sheets. Most 
complexes with B and C anions form 2D-ccordination networks. The 
details of these 1D and 2D networks will be described and illustrated. 
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Notwithstanding the richness of Mn-carboxylate chemistry, 
tetracarboxylate-dimanganese species with a copper-acetate-like core 
have been characterized only recently [1]. Compound 
[Mn(tda)(bipy)]n, the first fully documented example of such a 
species, displays a supramolecular structure generated by an efficient 

-stacking of bipy ligands between adjacent polymeric chains. The 
comparison of this structure and those of related compounds with 
4,4’-Me2bipy and 5,5’-Me2bipy ligands allow us to confirm this 
assertion. Moreover, DFT calculations for isolated binuclear units 
provide evidence that the non-covalent interactions between 
coordination polymers in a supramolecular system can ultimately 
affect the primary structure of the metallic building blocks [2]. In 
general, metallic building blocks are used in supramolecular chemistry 
to generate specific directional patterns, while the present case 
reverses such a paradigm. In fact, the geometry of the building block 
adapts to support the most stabilized supramolecular architecture.  

[1] Grirrane A., Pastor A., Galindo A., Ienco A., Mealli C. , Chemm. Commun.,
2003, 512. [2] Grirrane A., Pastor A., Galindo A., del Río D., Orlandini A., 
Mealli C., Ienco A., Caneschi A., Sanz J. F., Angew. Chem., accepted for 
publication.
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New types of stable Ge(II) and Sn(II) organic derivatives have 
been studied by X-ray diffraction analysis. 

1. It has been established for the first time that Ge(II) and Sn(II) 
compounds can be stabilized in the monomeric form solely by the 
electronic effects, viz., intramolecular M(II) N coordination and -
acceptor ability of the oxygen atoms, without substantial steric 
shielding of the central metal atoms. 

2. It has been shown that very interesting Ge(II) and Sn(II) species 
(for example, azides, carboxylates, etc.) can be isolated as thermally 

stable solids owing to the electronic effects described above. 
3. It has been found that the substituent effects responsible for the 

stabilization of divalent Group 14 derivatives in the monomeric form 
are drastically different for homoleptic and heteroleptic compounds 
and thus do not follow the simple “building block” principle. 

4. It has been revealed that the bidentate ligands in the Ge(II) 
carboxylates (both in neutral and in anionic complexes) are not 
chelating, and the Ge(II) atoms have the most favorable trigonal-
pyramidal configuration. 

The stereochemistry and polymorphism of the investigated 
compounds are discussed. 
This work was financially supported by the Russian Foundation for Basic 
Research (Project No. 04-03-32662). 
Keywords: low-coordinated germanium and tin compounds, 
intramolecular interactions, X-ray crystal structure analysis 
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The reaction product of dicyanodiamide with PCl5 (1:2) was 
determined to have structure I [1]. By a gentle hydrolysis of I not the 
expected aromatic compound II, but the hitherto unknown compound 
III was obtained.   
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The crystal structure determination of compound III was 

performed at 100K and shows unambiguously that the H atom is 
bonded to the ring N atom at position 5 and not to the exocyclic N 
atom: at first by the isotropic refinement of the H atom, then by the 
observed bonding distances [for example Nexocyclic–C = 1.361(3)Å in I
and 1.310(4)Å in III, resp.], and finally by the packing of the 
molecules: two molecules lying around a center of symmetry are held 
together by two presumably strong N–H···O hydrogen bonds [N···O 
2.732(4)Å, N–H···O 166.5(2)°].  

The single crystal X-ray refinement of the structure of compound 
III reported here is the first for a member of this hydrogenated 
1,3,5,2 5-triazaphosphorine ring system. 

[1] Belaj F., Z. Naturforsch., 1996, 51b, 1428. 
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In this communication we will review the structural features of 
oxydiacetate (oda) and thiodiacetate (tda) compounds, illustrating the 
similarity and differences between the ample diversity of coordination 
modes that exhibits this type of ligands.  

Additionally, we will report novel magnesium oxydiacetate and 
thiodiacetate complexes, [{Mg(oda)(H2O)2}·H2O]n (1) and 
[Mg(tda)(H2O)3]·H2O (2), which were synthesized from the reaction 
of aqueous solutions of magnesium dichloride with a 1:1 mixture of 
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Na2CO3 and oxydiacetic acid or thiodiacetic acid, respectively. 
Complex 1 is a one-dimensional polymer with a planar bridging 
oxydiacetate ligand in a meridional disposition; whereas 2 is a 
monomer containing the typical tridentate thiodiacetate ligand with a 
facial configuration. Both are, as far as we know, the first structural 
determinations of Mg-oda and Mg-tda complexes [1].  

[1] Grirrane A., Pastor A., Álvarez E., Galindo A., Inorg. Chemm. Commun.,
accepted.
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It has been reported that N-methyl substituted ethylenediamines 
form 1:1 adducts with lead(II) halides [1].  Among them N,N’-di-
methylethylenediamine with 
PbX2 (X=Cl, Br or I) 
crystallizes in the tetragonal 
system forming 41 spirals 
with two bridging halides.  
We examined which part 
contributes mostly to volume 
contraction upon cooling, 
comparing the different 
halides [2]. 

All cells undergo 
contraction predominantly 
along the c axis, which is 
connected to lower order 
bonds of the halogen bridge, 
while the bonds within the 
chelate do not contribute to 
the cell contraction. 
                                                  Fig. 1. Crystal packing viewed along a.

[1] Miyamae H., Hatanaka Y., Iijima Y., Hihara G., Nagata M., AsCA Program 
Abstracts, 1992, 16S, 44. [2] Miyamae H., Enomoto K., Maruyama Y., Hihara 
G., AsCA’03/Crystal, 2003, 23, 154. 
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Boracalixarenes have significant potential as fluorescent sensors 
[1]. Davidson [2] and Mair [3] have recently reported the ease and 
difficulties associated with organoboron derivatisation at the lower 
rim of calix[4]arenes.  We have developed new synthetic routes to 
such species avoiding the use of thermally unstable [(Arf)2BF·Et2O]
reagents.  Structures have been determined, in part, at Daresbury 
Laboratory stations 9.8 and the recently commissioned 16.2 SMX; 
both now equipped with Bruker AXS APEX II CCD detectors.  The 
structures presented include those with bulky, electron-withdrawing 
perfluoroaryl ligands, halides (including those where halide exchange 
has occurred), and an example where calix[4]arenes have been 
coupled via B–O–B bridges. Rare examples of organometallic 
intramolecular -  interactions are presented. Calixarene 
conformations are discussed as a consequence of the degree of 
substitution with arylboron groups versus halide. 

[1] Gutsche C.D., Calixarenes Revisited, Royal Society of Chemistry, London, 
1998. [2] Arimori S., Davidson M.G., Fyles T.M., Hibbert T.G., James T.D., 

Kociok-Köhn G.I., Chem. Commun, 2004, 1640. [3] Cross W.I., Lightfoot 
M.P., Mair F.S., Pritchard R.G., Inorg. Chem., 2000, 39, 2690. 
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Molten boric acid 'flux' synthesis has been used for the preparation 
of borate-rich clusters[1] and porous frameworks[2]. We recently 
found that use of boric acid flux conditions can lead to direct coupling 
of organic bases with inorganic borate fragments. A new family of 
organo-borates containing direct B-N covalent bondings was formed. 
Piperazine affords the 2D network solid [(C4H10N2)(B6O10H2)] (left) 
and imidazole the molecular anion [(C3H4N2)(B5O10H4)]-. New 
bis(borosalicylate) structures (right) can also be prepared by this HT 
method and some novel salts of these will also be discussed.     

         

[1] Williams I.D., Wu M., Sung H.H-Y., Zhang X.X., Yu J., Chem. Commun.,
1998, 2463. [2] Rowsell J.L., Taylor N.J., Nazar L.F., J. Amer. Chem. Soc.,
2002, 124, 6522. 
Keywords: inorganic organic structures, framework structures, 
flux synthesis
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On the basis of the high-resolution X-ray diffraction study of the 
electron density distribution function as well as quantum-chemical 
calculations of the crystal structures the attractive intramolecular 
contacts in the crystals of both aryl-substituted carboranes and 
metallacarboranes have been investigated. Their energy values have 
allowed creating the scheme, for the estimation of the lattice energy 
using only the X-ray diffraction data for the carborane derivatives. 

Using R. Bader’s theory “Atoms in Molecules” for both X-ray 
data and relaxed quantum-chemical scans of the potential energy 
surfaces of aryl-substituted carboranes along the coordinate defining 
the conformation of the substituent, it was found that despite the 
presence of close intramolecular H...H contacts between the hydrogen 
atoms of an aryl ring and those of the carborane moiety, all studied 
mono-substituted aryl-carboranes are characterized by the absence of 
a barrier to the rotation of the ring, due to the presence of the 
attractive interaction between the corresponding pairs of hydrogen 
atoms. Upon such barrierless rotation of the aryl rings the changes of 
the C-C and C-B bonds lengths of the carborane icosahedrons occur 
due to the transfer of the -density of an aromatic ring to the 
corresponding antibonding orbital of one of these bonds. Close 
examination of the C-C bond properties in o-carboranes has allowed 
to suppose, that this bond can be described as a “single -bond”.
Keywords: inter- and intramolecular interactions, electron 
density distribution in bonds, topological properties of charge 
distribution 
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