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Tetrakis(phenylethynyl)ethene and 2,4,7-trinitrofluorenone form a deep red charge-
transfer complex which gives the inclusion compound with benzene. The crystal
structure of the inclusion compound with benzene was determined. The inclusion
compound is composed of new frameworks possessing cavities for recognition of
benzene molecules. Other examples of the inclusion compound are described.

Tetraethynylethenes (1 and 2) are attractive molecules because of their important chemical and physical
properties, i.e., tetracthynylethenes possess cross-conjugated © systems, provide charge-transfer complexes, and

are potent of anticancer agents and m-electron materials by the Bergman reaction.!3)
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Twenty-four years ago we prepared for the first time tetrakis(phenylethynyl)ethene (2) ,1) and reported that
2 forms a deep red charge-transfer complex with 2,4,7-trinitrofluorenone (TNF) composed of a 1:2 molecular
ratio of 2 and TNF. The interesting behavior of the charge-transfer complex is the incorporation of a solvent
molecule and the exclusion of the solvent on heating. For example, the charge-transfer complex with TNF [2-
TNF (1:2)] uptakes a benzene molecule. The new inclusion compound excludes the benzene at 127 OC and melts
at 167 °C which temperature is the same as the melting point of the 2-TNF (1:2) complex.l) Our interest has
been focused on the structure of the charge-transfer complex and the inclusion compound, especially, how the
benzene molecules are incorporated and released. Thus, we analyzed and determined the crystal structures of the
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charge-transfer complex of 2-TNF (1:2)5 ) and the inclusion compound. In this communication, we report a
new framework controlled by a charge-transfer complex, which can transform the framework for recognition.
Suitable single crystals of the charge-transfercomplex 2-TNF (1:2)7) and the inclusion compound7) with
benzene were obtained by a slow cooling of the solution in ethanol or benzene. The crystal structures of the 2-
TNF (1:2) complex and the inclusion compound are depicted in Figs. 1 and 2. Fig. 1 clearly shows that the
charge-transfer complex 2-TNF (1:2) is composed of one tetraethynylethene2 and two TNF molecules. Bond
lengths and angles in 2 are within the range obtained from the X-ray data for only 2.9 Two TNF molecules lie
on the two phenyl rings, respectively The crystal packing diagram of the charge-transfer complex of 2-TNF
(1:2) shows infinitestacks of alternate2 and TNF moleculesand is accord with a generally observed structure of
a parallel arrangement of donor and acceptormolecules. The unit cell contains two kinds of the charge-transfer
complex of 2-TNF (1:2), which stack along c-axis, respectively Tetraethynylethene2 is essentially planer No

cavities or channels are exist in the complex of 2-TNF (1:2). The structure of the charge-transfer complex 2-
6)

TNF (1:2) is almostidentical to that very recently reported by Diederichet al.

Fig. 1. Crystal structure of the charge-transfer complex 2-TNF (1:2). (a) Stereoscopicpacking diagram. (b)
Overlappingof 2 and TNF viewed along the ¢ axis. Molecules2 are shaded.

However, Fig. 2 exhibits that the inclusion compound forms a different framework from the complex of
2-TNF (1:2). Interestingly even in the inclusion compound molecules 2 and TNF keep donor-acceptor pairs
which are consist of a 1:2 molecularratio of 2 and TNF. Compared with the charge-transfer complex 2-TNF
(1:2), one layer containing the complex 2-TNF (1:2) moves by 1/2 unit and makes new frameworks where the
complex 2-TNF (1:2) stacks along the ¢ axis to form cavity channels. The X-ray crystal structure clearly shows
that the benzene molecules lie in the cavity channels rather than forming the new stacks of benzene molecules.
As the result, the inclusion compound consists of 2, TNF, and benzene with a molecularratio of 1:2:1. The
bond lengths and angles of molecule2 in the inclusion compounds are essentially same as those of the charge-
transfer complex 2-TNF (1:2) or tetrakis(phenylethynyl)ethene2 itself.
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Fig. 2. Crystal Structure of the inclusion compound with benzene. (a) Stereoscopic packing diagram. (b)
Overlappingof 2 and TNF viewed along the c axis. Molecules2 are shaded. ’
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Fig. 3. DSC curve of the inclusion compound with benzene (1 cal = 4.184 J).

Fig. 3 indicatesthe DSC curve of the inclusion compound with benzene. The first endotherm is ascribed
to the desorption of benzene but the second endotherm corresponds to the melting point of the charge-transfer
complex 2-TNF (1:2). When the inclusion compound is heated and the guest molecule, benzene, is allowed to
escape, the inclusion host compound changes to the original charge-transfer complex of 2-TNF (1:2). The X-ray
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crystal structure of the charge-transfer complex 2-TNF (1:2) do not show the existence of such a cavity to hold a
guest molecule. Accordingly the desorption of the guest molecule on heating means the change of the
framework of host molecules to the original stacking of 2 and TNF where no cavity channels exist.

Other several molecules are included in the charge-transfer complex 2-TNF (1:2). All of the inclusion
compounds indicates the second endotherm corresponding to the melting point of 2-TNF (1:2). Molecules
included in the charge-transfer complex 2-TNF (1:2) are benzonitrile(97.6 °C), p-diethynylbenzene(125.2 °C),
fluorobenzene (112.1 0C), chlorobenzene (112.4 OC), iodobenzene (92.9 °0), p-xylene (98.2 0C), toluene
(103.8 °C), pyridine (91.7 °C), and phenylacetylene(87.0 °C). The values in parentheses are the desorption
temperature of the guest molecule determined by DSC. Mesitylene, m-xylene, ethylbenzene, and nitrobenzene
did not become incorporatedinto the charge-transfer complex 2-TNF (1:2).

In summary, we have disclosed the structures of the charge-transfer complex of 2 and TNF and the
inclusion compound with benzene molecules. The cavity channels holding guest molecules exist only in the
inclusion compound and do not in the charge-transfer complex of 2 and TNF. The frameworks composed of the
charge-transfer complex 2-TNF (1:2) transform new frameworks possessing cavities for recognitionof benzene

molecules.
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