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Close contacts between chalcogen atoms in cyclic dienes and diynes are used to create columnar structures in the solid state. Rigid and
fairly planar cycles with chalcogen centers are the preconditions for forming those columnar structures.

Isotropic forces between molecules cause the closest packings—sm stacking of aromatic rings were used to place the rings
as the extensive study of crystal structures has shown. Inon top of each other. Ghadiri ethuilt flat cyclic peptides

the solid state, directional forces are needed to build three-composed of an even number of and L-amino acids.
dimensional structures with voids, channels, helices, or Adopting a flat conformation, these cycles associate in stacks
networks. These forces are, among others, hydrogen bondsin an antiparallel fashion by forming hydrogen bonds
m—mx stacking and interactions between soft acids and between neighboring rings within one column. Both strate-
bases:? gies produced molecular tubes. Close contacts between

Molecular aggregation by means of hydrogen bonding and chalcogen centers in the solid state have been reportéd,
71— stacking was used to construct channel-like structures. @bove all during the investigation of organic conductive
Moore et al. used macrocyclic rings with a rigid frame of @) Borg, D. T, Clark. T. D.. Granja, 3. R, Ghaddi, MLF0 o

. - - . . ong, D. I.; Clark, 1. D.; Granja, J. R.; aairi, M. Rngew. em.
falternatlng triple bon_ds and phenyl rings fco maintain planar- 501 113, 1016-1041Angew. Chem., Int. E®001,40, 988—1011.
ity.® Hydrogen bonding between phenolic OH groups and  (5) Rosenfield, R. E., Jr.; Parthasarathy, R.; DuritzAm. Chem. Soc.

1977,99, 4860—4862.
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Sons: Chichester, 2000. Schneider, H. J.; YatsimirskyPaciples and (7) Williams, J. M.; Ferraro, J. R.; Thorn, R. J.; Carlson, K. D.; Geiser,
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materials’~® Examples are tetrathiafulvalene (TTF), bis- || GG

(ethylenedithio)tetra-fulvalene (BEDT-TTF), and tetrameth-
yltetraselenafulvalene (TMTSF) to name but a few of them. S

. . o . -S
In these species and their related derivatives, other interac- Py N
tions also contribute significantly to the formation of two- \/\/S\its o~
and three-dimensional networks besides close chalcogen S//
contacts® Close C-H-+S contacts, CH:-++sr contacts, and NN A

m—m stacking cause these interactidgh® In this com- _ _ _ _
munication, we demonstrate that close contacts betweenFigure 2. Schematic plot of chalcogen atoms of two neighboring
chalcogen centers alone are able to create columnar structured?9s Yielding a zigzag arrangement and the definition of the
o . - intermolecular chalcogen—chalcogen distaneesdb.
if rigid and fairly planar ring systems are used.

During our studies of the properties of electron-rich cyclic
diynes and dienes (Figure 1), we found structures in which Taple 1. In Figure 3, the resulting columns are shown. The
two contacts generate a pair of columns as shown in Figure
3.
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Table 1. Distances within a Zigzag Arrangement of Two
Stacks and Distances within a stack for compoubds

~ S—=-S5 _ distances (A) within a zigzag arrangement
1 2 ; of chalcogenes between two stacks distance (&)
Se—=—Se compd a b a' b’ a" b"  within a stack
Se—=—5¢ 1 353 353 4.74
2 375 389 366 418 396 559 4.55
3 3.63 386 449 454 4.61
Se—=-9S 4 3.80 383 375 431 390 5.5 4.56
Se—=-5 5 368 384 437 459 4.63
4 5 6 347 413 5.22
//\ 7 4.07 407 418 418 5.24
~ s S
S 8
\—=/ S S
\—=/
6 7

Figure 1.

the rings are stacked on top of each other showing close
chalcogenr-chalcogen contacts. To understand the motifs of
the van der Waals contacts, we consider first the packing of
1-thiacyclododeca-3,10-diyne (1.

This molecule provides a rather flat ring structure with
one sulfur center. In the solid state, the rings associate inFigure 3. POV-Ray plot of the columnar structure af Sulfur
such a way that the sulfur center of one ring keeps in close atoms are indicated by the yellow color, and H atoms have been
contact with two sulfur centers of two neighboring rings omitted for the sake of clarity. The blue color shows close distances

. . between the sulfur atoms.
(which are stacked on top of each other). As a result, a zigzag
arrangement of the chalcogen atoms arises. This is outlined

in Figure 2. A rectangle-like structure with four chalcogen atoms
The close contacts between the sulfur centeran@b in placed at the corners of the rectangle is common to 1,4,8,-
Figure 2) and the S---S distances inside a stack are listed in1 1 tetrathiacyclotetradeca-2,9-diyr®, (1,4,10,13-tetrathia-
() Nova. J. 1. Rovira, M. C.. Rovira, C.. Vediana, 1. Tar2 Ady cyclooctadeca-2,11-diyn8)(** and the corresponding selena
Mater. 1995 7, 233-237. o o ' congener$ 4 and5.
(10) Glusker, J. PTop. Curr. Chem1998,198, 1-56. For 3 and the isomorphouS (see Figure 4), a zigzag
(11) Potrzebowski, M. J.; Michalska, M.; Koziol, A. E.; Kazmierski S.; arrangement of the chalcogen atoms is found similar to that

Lis, T.; Pluskowski, J.; Ciesielki, Wl. Org. Chem1998,63, 4209—4217.
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Evidence, Nature, and Consequencésley-VCH: New York, 1998. (14) Benisch, C.; Bethke, S.; Gleiter, R.; Oeser, T.; Pritzkow, H.;
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Figure 5. POV—Ray plot of the columnar structure 6f Sulfur
atoms are indicated by the yellow color, and H atoms have been
omitted for the sake of clarity. The blue color shows close distances
between the sulfur atoms.

in Table 1). The $-S distance within the stacks amounts to
5.22 A,
Figure 4. POV-Ray plot of the columnar structure 8f Sulfur For 7, we observed again a zigzag interaction of the sulfur

atoms are indicated by the yellow color, and H atoms have been .
omitted for the sake of clarity. The blue color between the sulfur centers. Two types of sulfur atoms show symmetric inter-

atoms shows close distances b), and the red color shows the ~ actions (a= b; a’ = b') of similar distanceg, b anda’, b’
longer onesd’, b'). in Table 1).

In light of previous investigations on close-5 con-
tacts>1° we examined the directionality of the interactions
of 1. In 3 and>5, there are two crystallographically different in our examples. The 3p lone pair of the sulfudicoincides
types of chalcogen centers. Chalcogen atoms of the first typewith the direction of the S—C bond of the neighboring ring.
show two longer contactg(, b’ in Table 1; red in Figure 4)  The same holds for the shortest contacin( Table 1) for3
to chalcogen atoms of the same type and two shorter contact&nd5. We could not detect a clear-cut preference in the other
to chalcogen atoms of the other typsg b in Table 1; blue examples.
in Figure 4). In addition, each type shows long contacts (4.61 Our investigations show that close contacts between
A'in 3 and 4.63 A in5) within the stacks. These contacts chalcogen atoms incorporated in a rigid ring system may
correspond to tha-axis of the unit cell. Thus, the first type  excert a similar steering effect as reported for hydrogen bonds
of chalcogen atoms shows six contacts, whereas the secon@ndsz—: stacking to obtain columnar structures in the solid
type shows only four. state. Several of the distances between the chalcogen atoms

A further variation of the intermolecular interactions found in our columnar structures, especially inside the stacks,
discussed so far is found in the 14-membered ringsarid are longer than the van der Waals distances §3= 3.7 A,
the isomorphoud. We find for a first set of chalcogen atoms ~ Se---Se= 4.0 A)17 However, taking the van der Waals
close contacts yielding to a zigzag motif, but the distances potential of noble gasés§,like argon as an example, one
vary more than ir8 and5 (a’, b in Table 1). The second set  finds that at 4.5 A, the stabilization energy amounts to 50%
of chalcogen centers forms a zigzaglf) and a ladder type  and even at 5.5 A to 15% of that found at the minimum. In
(@', b'") of contacts with stacks of the first type. This the case of S-S contacts, recent calculations estimate a
produces a total amount of seven contacts for one type ofstabilization energy of 1.5 kJ/mol at the minim@nkach

chalcogen atom and five contacts for the other. chalcogen atom in the ring provides several close chalecogen
Similar columnar structures were also found faz,(207)- chalcogen contacts. This seems sufficient to pile up columnar
1,4,9,12-tetrathiacyclohexadeca-2,10-dig)ea(d (Z,122- structures. As we anticipated, our results reveal various

1,4,11,14-tetrathiacycloeicosa-2,12-dief#{as shown in columnar structures but no inclusion of guests because the
Figure 5. The rings o8 and7 adopt a chairlike conformation ~ Sizes of the rings in our examples are too small. With larger

with rigid S—CH=CH—S units anti to each other. &nthe rings containing rigid units and chalcogen centers, one might
contacts between neighboring rings form an asymmetric

Zigzag arrangement W|th a C|ose and a Wider Conta'cb( (17) I?auling, L.The Nature of the Chemical Bon@rd ed.; Cornell
University Press: Ithaca, NY, 1973.
(18) Maitland, G. C.; Rigby, M.; Smith, E. B.; Wakeham, W. A.
(16) Staeb, T. H.; Gleiter, R.; Rominger, F. To be published. Intermolecular Forces; Clarendon Press: Oxford, 1981.
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be able to form larger tubes that are tailored to host other CIF format. This material is available free of charge via the

molecules.
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(19) Crystal structure determination for 4: CioH12Se; MW = 448.04;
colorless; polyhedron; 0.1 0.14 x 0.06 mm; monoclinic; space group
P2)/c; a = 4.5764(1) A;b = 13.4490(3) A;c = 10.3777(1) A;p =
95.9390(10)°V = 635.30(2) &; Z = 4; T = 200(2) K; deaic = 2.34 g/cnd;
F(000) = 832; u = 11.51 mm?; 6451 reflections collected; 1450
independent reflections; 1287 reflections obsenR(dF) = 0.021;R,(F?)
= 0.051;S (GOF) onF2 = 1.11. (Aphax = 0.48 e/B; (Ap)min = —0.72
e/A3. Crystal structure determination for 5: Ci4H20Se; MW = 504.14;
colorless; polyhedron; 0.28 0.16 x 0.06 mm; monoclinic; space group

342

= 480; u = 8.81 mnL; 8455 reflections collected; 1886 independent
reflections; 1641 reflections observeR(F) = 0.025;R,(F?) = 0.058;S
(GOF) onF2 = 1.07; (Aphax= 0.58 e/R; (Ap)min = —0.87 e/R. Crystal
structure determination for 6: CioH20Ss; MW = 292.52; colorless;
polyhedron; 0.32 0.18 x 0.15 mm; monoclinic; space grolg/c; a =
5.2225(2) A;b = 10.3139(4) A;c = 14.2995(5) A;8 = 99.9510(10)°V

= 758.65(5) B, Z = 2; T = 200(2) K; dcaic = 1.28 g/cni; F(000) = 312;

u = 0.60 mnT%; 7627 reflections collected; 1740 independent reflections;
1517 reflections observe®(F) = 0.027;Ry(F?) = 0.067;S (GOF) onF2

= 1.09; (Aphax = 0.26 e/&; (Ap)min = —0.22 e/R. Crystal structure
determination for 7: CieH28Ss; MW = 348.62; colorless; polyhedron; 0.42
x 0.21 x 0.04 mm; monoclinic; space grol®/c; a = 9.8648(3) Ab =
5.2409(2) A;c = 18.8504(6) A;f = 100.8330(10)°V = 957.21(6) &; Z

= 2; T = 200(2) K; deaic = 1.21 g/cni; F(000) = 376; 1 = 0.49 mn1;
9373 reflections collected; 2200 independent reflections; 1830 reflections
observedR(F) = 0.029;R,(F?) = 0.073;S (GOF) onF? = 1.08; (Ap)nax

= 0.27 elB, (Ap)min = —0.18 e/R.
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