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INTRAMOLECULAR CHARGE TRANSFER TRANSITION FOR SYMMETRY ALLOWED CHARGE TRANSFER
INTERACTION IN THE MOLECULES OF Cg SYMMETRY AND A POTENTIAL MODEL
TO INTRODUCE NEW INTERSTACK INTERACTION
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Three intramolecular charge transfer (CT) compounds, which ex-
hibit clear CT transition for symmetry allowed CT interaction, have
been synthesized and examined. In addition, a possible way to
introduce new type of interstack interactions in the solid state
was proposed from the crystal structure of 7,10-ethenocyclohepta-
[delnaphthalene-8,9-dicarbonitrile.

Generally, the intramolecular charge transfer (CT) transitions between the
donor and the acceptor components fixed in a rigid framework of Cyy Or Cg molecular

1) CT transition (i) for

symmetry are classified into the following two types:
symmetry allowed CT interaction, and (ii) for symmetry forbidden CT interaction.
Utilizing the structural features of such rigid frameworks, we have reported the

existence of the type-ii transitions along with the unequivocal experimental evi-

dence.?)
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In order to observe type-i transitions, we design three molecules of Cg
molecular symmetry, 5,6-dimethylenebicyclo[2.2.2]oct-2-ene-2,3-dicarbonitrile (1),
7,10-ethenocycloheptalde]naphthalene-8,9-dicarbonitrile (2), and 7,10-ethanocyclo-
heptal[de]lnaphthalene-8,9-dicarbonitrile (3), selecting cis-dicyanoethylene group as
an acceptor component and S-cis-butadiene or naphthalene group as a donor
component. Figure 1 shows the symmetry allowed interaction mode between the donor
HOMO and the acceptor LUMO. We now report the syntheses and electronic spectra for
the three examples of the type-i category together with a new aspect on the crystal

structure of 2.
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The Diels-Alder adduct 4a of 2,3—dimethylcyclohexadiene3) with dicyano-
acetylene was treated with NBS to give 4b, and then debromination with zinc to
afford the butadiene 14) (70% overall yield from 2,3-dimethylcyclohexadiene).

4)

Diimide reduction of 2, prepared in 72% yield from pleiadiene (5)5) and dicyano-

acetylene, with p-toluenesulfonylhydrazine and pyridine afforded 34) (70%).
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i, Zn/AcOH, rt 1 h; ii, NCC=CCN, rt 21 h; iii, TosNHNHZ/Py, EtOH, refl. 12 h

The electronic spectra of 1, 2, and 3 are illustrated in Fig. 2. The diene 1
shows the locally excited transitions around 240-250 nm for the donor and the
acceptor chromophores, and around 265 (shoulder) nm for the donor chromophore.e)

The bands around 260-290 nm of 2 and 3 are reasonable as 1La band of the naph-

7)

thalene chromophore, whereas the local excitation of the dicyanoethylene chromo-

'L, band or is hidden under the intense 'B, band of the

phore overlaps with the
naphthalene chromophore. Additional absorption maxima shifted outside of these
local excitations are observed for 1, 2, and 3 at 303, 348, and 346 nm, respective-

ly, which can be assigned to the intramolecular CT transitions.s)

Therefore,
these transitions are simple examples of the intramolecular CT transitions for
symmetry allowed CT interaction in the intramolecular CT compounds of the Cq

molecular symmetry.
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Fig. 2. Electronic absorption spectra Fig. 3. Molecular structure of 2.

of 1, 2, and 3 in EtOH.
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Here, we would like to comment some aspects of the crystal structure of 2
which provides a model for a new type of interstack interactions in the solid
state. Generally, interstack interactions are shown to be an important feature to
realize metallic behavior of organic conductors. Usually such interactions have
been materialized by close intermolecular contacts between S--S, S--N, and so
forth.g) Recently, we have mentioned an idea for enhancement of the dimension-
ality in organic conductors as a potential application of three-dimensionally
modified molecules.'®) The crystal structure of 2 which belongs to such molecules
suggests a way for chemical modifications to design new component molecules for
organic conductors.

In the molecular structure of 211) (Fig. 3), the naphthalene and the dicyano-
ethylene moieties are nearly planar with the maximum deviations of 0.021 and 0.017
i, respectively. The dihedral angles of 1, m, and n are 113.9, 112.5, and 133.4°,
respectively. Figure 4 shows the stereoview of the molecular packing in the
crystal structure. The naphthalene moieties are aligned in columnar stacks along
the c axis. The interplanar distances between the naphthalenes are 3.63 and 3.99
i, which indicate dimeric structures within the stacks. The residual bulky groups
arrange in opposite directions alternately, reducing their steric repulsion.
Interestingly, the dicyanoethylene moieties form isolated dimeric structures,

interacting with those in adjacent stacks with interplanar distance of 3.29 A.

Fig. 4. Stereoview of the crystal Fig. 5. Illustration of a model
packing of 2. for interstack interaction.

As shown schematically in Fig. 5, there are principal intra- and interstack
interactions through (i) the naphthalene mT-systems (denote by A in Fig. 5) and (ii)
dimeric dicyanoethylene moieties (B). Futhermore, these two interactions might be
coupled by the symmetry allowed intramolecular CT interaction between naphthalene
and dicyanoethylene moieties within a molecule 2 (C). Consequently, the electronic
delocalization might occur to some extent throughout a sheetlike network. The
application of such features in three-dimensionally modified molecules such as 2
seems to be an important clue to explore new organic conductors.
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