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The main topic of our research project is the comparative investigation of the interaction of 

divalent selenium centers in solids and solution. Therefore we decided to combine experimental 
and theoretical results in order to gather more insight into selenium – selenium interactions. 

 
The idea of using the chalcogen–chalcogen interactions as directional forces to obtain tubular 

structures was validated during recent experimental studies in which cyclic aliphatic diynes and 
dienes containing chalcogen atoms organized themselves in columnar structures[1,2]. Moreover, 
theoretical investigations confirmed the description of divalent selenium interactions as a 

secondary interaction between an occupied p-type orbital of one chalcogen center (X) and the 
empty X-C σ* orbital of the other[3], together with induction and dispersion forces[4]. 

 
The first part of the project dealt with the synthesis of three isomeric cyclophanes 2 a-c and 

their solid-state structures in comparison with previously synthesized similar cyclic compounds 1 
(Figure 1). The cycles investigated so far consisted of rigid units (e.g. X-C≡C-X, where X= S, Se, 

Te) and methylene chains as flexible parts. The inclusion of benzene rings into the methylene 

chains is expected to add more rigidity and also to open the possibility of π-π stacking. 

 

Figure 1. Tetraselenaalkynes 1 and the synthesized [6.6]cyclophanes 2 a-c with 2,5-
diselenahex-3-ynes bridges. 

 
To investigate the results of this idea we synthesized three isomeric cyclic tetraselenadiynes 

containing the building blocks mentioned. We analyzed their solid-state structure characteristics in 
our larger effort to understand the nature of chalcogen-chalcogen non-bonding interactions. The 
synthesis of the three isomeric tetraselena-[6.6]cyclophanes 2 a-c was achieved using a stepwise 
approach, as shown in Scheme 1. 

Scheme 1. Multi-step synthesis of isomeric tetraselena [6.6]cyclophanes 2 a-c. 
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Remarkable features of the solid-state structure of 2 a-c were analyzed and compared with 

other structural features of compounds that involved Se centers in Se···Se interactions. Se···Se 

intermolecular interactions with distances between 348 pm and 397 pm have been detected in all 
three isomers, generating columnar-like structures in all three cases (as illustrated in Figure 2 for 
the case of compound 2 a). These values are significantly smaller or close to the sum of the van 
der Waals radii for Se, indicating strong interactions[5]. Besides the intermolecular selenium-
selenium interactions, in the stacked structures other intramolecular and intermolecular 
interactions involving selenium centers can be observed, like significant inter- and intramolecular 

Se···H hydrogen bonding or offset aligned π-π interactions. 

Figure 2.  Threaded arrangement in the solid state structure of compound 2 a. 

 
Preliminary results referring to the ortho isomer 2a have already been published in a short 

communication[6] while the manuscript of a full article with a complete analysis of structural 

features of the three isomeric [6.6]cyclophanes will appear soon[7]. 

 

The second part of the project investigated the presence and the strength of the Se···Se 
interactions in solution. A series of model systems (Figure 3) containing two selenium centers 
situated at a convenient distance, but also with significant internal motion ability, were 

synthesized. The NMR spectroscopy was the method of choice to investigate the interaction in 
solution, because of the favorable magnetic proprieties of 77Se[8]. 77Se NMR chemical shifts (δSe) 
are sensitive to the electronic environment around the Se atom, therefore their behaviour can be 
used as gauge for evaluating the strength of nonbonding interactions involving Se centers.  

Figure 3. Model systems 6 a–c. 

 
The synthesis of the desired model compounds was performed using a less direct synthetic 

pathway, mainly due to the difficulties encountered in introducing the second Se center. Due to the 

ambivalent character (electrophile/nucleophile) of the first Se atom, the synthetic pathways 
available for introducing the second Se atom are severely reduced. The synthetic approach used for 
obtaining three of the desired model compounds is depicted in Scheme 2.  
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Scheme 2. Synthetic pathways for obtaining the desired model compounds 6 a–c. 

 
A comparison of the experimental values for the 77Se chemical shifts for the synthesized 

compounds 6 a–c with simpler similar compounds containing only one Se center revealed a high 
field shift for the 77Se NMR signal of the SeCH3 group, implying an increased electron density 

around the Se atom. The same trend was observed when comparing the chemical shift of the 
second Se atom in comparison with the respective simpler fragments, indicating an increased 
electron density, despite the electron withdrawing character of the C≡CH and CN groups. Taken 
together, this leads to the conclusion of increased electron density around both Se atoms, due to a 
non-bonding interaction between them in which the SeCH3 group plays the electron donor role, 
while the second group is the acceptor, the interaction being slightly stronger starting from Se-CH3 
to SeCN. A comparison of the observed 77Se NMR signal shifts in our compounds with the literature 

data[9] for 2-methyl-selenobenzylhalogenides leads us to assume that the Se···Se interactions are 
slightly stronger than the Se···halogen interactions. 

 
Investigation of the coupling constants (J coupling) between the 77Se nuclei for the compounds 

6 a–c confirmed our assumption of increasing interaction strength. The values of the J coupling are 
increasing in the order 6 a < 6 b < 6 c. Additionally NMR methods for determining the relaxation 

time of the 77Se nuclei involved in the interactions were used and confirmed the observation based 
on chemical shifts and coupling constants. Variable temperature NMR experiments revealed the 
existence of several conformers for each of the model compounds, but also showed that there is 
only a very small energy barrier between them. 

 

Figure 4.  Threaded arrangement in the solid state structure of compound 2 a. 

 

In order to get some more insight in the behaviour of our model compounds and the 
predominant interactions in their conformers, we performed a conformational analysis for all three 
model compounds. Theoretical calculations at the MP2/6-311+g(d)//B98/6-311+g(d) level 
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revealed the existence of four conformers for each of the investigated compounds, in which the 

Se···Se interaction or the competing Se···H  bonding is the predominant force (Figure 4). A 

comparison of the theoretical results against the experimentally determined solid-state structure of 
compound 6 c showed that in the solid-state the Se···Se interaction can become predominant. 
Theoretical calculated nuclear shieldings and chemical shifts were compared with the experimental 
values. Based on this comparions we assume that in solution, the Se···Se interactions are less 
favoured in comparison with Se-H bonding. In the solid-state, the Se···Se interaction becomes the 
predominant stabilization force for the model compounds. These results are also soon in print [10]. 

 
In conclusion, our investigation of the nature of the Se···Se interactions showed that the 77Se 

chemical shifts represent an useful tool in qualitatively assessing the strength of the interactions. 
The strength in the order MeSe···SeMe < MeSe···SeC≡CH < MeSe···SeCN qualitatively revealed 
from the NMR chemical shifts is consistent with the nSe–σ*Se-C orbital interaction model. It proves 
furthermore that electron correlation plays an important role in these interactions. This makes it 

even more difficult to analyze separately each of these influences separately. 
 
 
 
References: 

1. a) D. B. Werz, T. H. Staeb, C. Benisch, B. J. Rausch, F. Rominger, R. Gleiter, Org. Lett. 

2002, 4 (3), 339-342; b) D. B. Werz, R. Gleiter, F. Rominger, J. Org. Chem. 2002, 67, 

4290-4297;  c) D. B. Werz, R. Gleiter, F. Rominger, J. Am. Chem. Soc. 2002, 124, 10638-

10639. 

2. a) R. Gleiter, D. B. Werz, B. J. Rausch, Chem. Eur. J. 2003, 9, 2676-2683; b) R. Gleiter, D. 

B. Werz, Chem. Lett. 2005, 34, 126-131. 

3. a) R. E. Rosenfield, R. Parthasarathy, J. D. Dunitz, J. Am. Chem. Soc. 1977, 99, 4860-

4862; b) J. P. Glusker, Top. Curr. Chem. 1998, 198, 1-56. 

4. a) C. Bleiholder, D.B. Werz, H. Köppel, R. Gleiter, J. Am. Chem. Soc. 2006, 128, 2666-

2674; b) Bleiholder, C., Gleiter, R., Werz, D. B. and Koeppel, H. Inorg. Chem. 2007, 46, 

2249-2260. 

5. Bondi, A. (1964) J. Phys. Chem. 68, 441-451 

6. A. Lari, F. Rominger, R. Gleiter, Rev. Roum. Chem., 2006, 51 (7-8), 851-854 

7. A. Lari, R. Gleiter, F. Rominger, Eur. J. Org. Chem., 2009, in print 

8. S. Berger, S. Braun, H. O. Kalinowski,  “NMR Spectroscopy of Non-Metallic Elements”, 

1997 

9. a) Iwaoka, M., Komatsu, H. and Tomoda, S. Chem. Lett. 1998, 969-970.; b) Iwaoka, M., 

Katsuda, T., Tomoda, S., Harada, J. and Ogawa, K. Chem. Lett. 2002, 518-519; c) 

Iwaoka, M., Komatsu, H., Katsuda, T. and Tomoda, S. J. Am. Chem. Soc. 2002, 124, 

1902-1909. 

10. A. Lari, R. Gleiter, F. Rominger, Eur. J. Org. Chem., 2009, in print 

 

 


