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The synthesis of a tricyclic tetraselenadiyne, 5, was achieved by reacting the bis lithium salt of 
bis((ethynylselenyl)methyl)benzene (4a) with 1,2-bis(selenocyanatomethyl)benzene (2). X-ray analysis reveals 
channel like structures in the solid state. The packing of 5 in the crystal is due to short distances between the selenium 
atoms which alternate between 348 pm and 352 pm. 

 
Hydrogen bonding between molecules is the most important and most spread non-covalent force in 

supramolecular chemistry.1,2 Other directional forces which can lead to supramolecular assemblage of 
molecules are interactions between Lewis acids and bases,3 ion-dipol interactions4 and π-π stacking5 to name 
the most important ones. The most appealing supramolecular structures resulting from these forces are 
helices and tubes. The tubular structures can be subdivided into those whose skeletons are determined by 
covalent bonding and those which aggregate by non-covalent bonding. Representative examples for the 
former type are carbon nanotubes6 and zeolites.7 

Hydrogen bonding between various molecules plays the major role in building tubes via non-covalent 
interactions. Examples are the stacks of cyclodextrins,8 polymer lipid-based tubes,9 cyclic peptides10 or shape 
persistent cycles with phenolic units.11  

The idea of using the chalcogen–chalcogen interactions as directional forces to obtain tubular structures 
was validated during recent studies in which cyclic aliphatic diynes and dienes containing chalcogen atoms 
organized themselves in columnar structures.12,13  

The common features of these solid-state structures are chalcogen atoms containing rings which are 
stacked on top of each other. In the solid state the rings associate in such a way that the chalcogen center of 
one ring keeps in close contact with two chalcogen centers of two neighbouring rings that are stacked on top 
of each other. As a result a zig-zag arrangement of chalcogen atoms arises as shown in Figure 1a. The 
interaction between two chalcogen centers can be described as a secondary interaction between an occupied 
p-type orbital of one chalcogen center (X) and the empty X-C σ* orbital of the other14 (Figure 1b) together 
with induction and dispersion forces.15  

 
 
 
 
 
 
 
 
 
 

Fig. 1 – a) Schematic plot of a zig-zag type arrangement of the chalcogen-chalcogen interaction in solid state;  
b) Interaction of the occupied p orbital with the unoccupied σ * orbital in selenaethers. 
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The cycles investigated so far consisted of rigid units (e.g. X-C≡C-X, X= S,Se,Te) and methylene 
chains as flexible parts.12,13 The inclusion of benzene rings into the methylene chains adds more rigidity to 
this part and opens the possibility of π-π stacking. To investigate the results of this idea we synthesized a 
tricyclic tetraselenadiyne containing the building block mentioned. We analysed its solid-state structure 
characteristics in our larger effort to understand the nature of chalcogen-chalcogen non-bonding interactions. 

The synthesis of 7,8,17,18-tetradehydro-5,10,15,20-tetrahydro-dibenzo[f,n][1,4,9,12]tetraselena-
cyclohexadecine (5) was achieved using a stepwise approach, as shown in Scheme 1.  

Scheme 1 

1,2-bis(selenocyanatomethyl)benzene (2) was prepared according to literature16, the intermediates 3 
and 4 were synthesized analogous to related species12b and their analytic data are given.17a,17b The target 
molecule could be prepared from 4 and 2.17c  

DISCUSSION 

The NMR spectra of 5 in solution show only one signal for the four selenium atoms, one for the four 
CH2 carbon atoms and a broad singlet for the four aromatic protons, between –80°C and room temperature 
indicating D2n symmetry due to very rapid motion.  

Single crystals suitable for X-ray diffraction studies20 of 5 were obtained from a solution of  
n-hexane/dichloromethane at 20°C. The most striking features of the molecular structure of 5 (Figure 2) are 
the twisting of the planes of the two benzene rings by 87° along the common axis and differences in the 
bending of the two Se-C≡C-Se units. The twisting of the two benzene rings we ascribe to the fact that the 
torsion angles γ of the two CH2-Se bonds12b of each CH2-Se-C≡C-Se-CH2 unit in a cyclic system tries to adopt 
values between 60° and 90°, depending on the size of the ring12b. In the case of 5, γ amounts to 75° (C1-Se1-
Se2-C4) and 92° (C11-Se3-Se4-C14). The observation that one Se-C≡C-Se unit of 5 is bent stronger than the 
other will be discussed below. 

In Figure 3 we show a section of the columnar structures which arise in the solid state by stacking the 
rings on top of each other. A remarkable feature of the structure of 5 is that only one Se-C≡C-Se unit of each 
ring is involved in the intermolecular bonding. This gives the impression that the various rings are threaded 
like pearls on a string made of …Se-C≡C-Se…Se-C≡C-Se… units (Figure 4).  

To optimize the Se…Se interaction, the angles at the sp centers have been altered. Those units which are 
involved in the string formation show a stronger bending (167.1(2)° and 168.7(2)°) than those angles of the 
sp centers of the Se-C≡C-Se units which are not a member of the intermolecular thread (176.2(3)° and 
178.2(3)°). The inter-ring distances between the Se atoms are 348 pm and 352 pm. Both values are 
considerably smaller than the sum of the Van-der-Waals radii for Se (380 pm)24.   

Besides the intermolecular selenium-selenium interactions, other intramolecular and intermolecular 
interactions involving selenium centers are important in generating the solid state columnar structures of 5. 
An interesting fact is observed when analysing intramolecular selenium-hydrogen interactions (see Table 1). 
The two longest interactions (Se1-H14A and Se2-H11A with values of 305 pm and 306 pm), involve the Se 
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centers that are also interacting with other Se centers, while the shortest two interactions (Se3-H4A and Se4-
H1A with lengths of 283 pm, 296 pm respectively) relate to the Se centers not involved in other selenium-
selenium interactions. This could be a further proof of the competition between selenium-selenium and 
selenium-hydrogen interactions.15  

Table 1 

Most relevant short intra- and intermolecular selenium-hydrogen  
contacts of 5 (Sex - Hz). All values in pm. 

 Intramolecular Intermolecular 
Sex Hz (distance) Hz (distance) 
Se1 H14A (305) H’1B (330) H’19 (328) 
Se2 H11A (306) H”4B (318) H”6   (310) 
Se3 H4A   (296) - - 
Se4 H1A   (283) - - 

 
In conclusion, we synthesised a cyclic tetraselenadiyne, containing benzene rings as building blocks, 

which despite its rather flexible structure still forms tubular structures in the solid state. This columnar 
structure is based on interactions of the selenium atoms like selenium-selenium intermolecular interactions as 
well as inter- and intramolecular selenium-hydrogen bonding. The competition between the selenium-selenium 
interaction and selenium-hydrogen bonding that we experimentally observe in this case is in conformity with 
theoretical studies.15 
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